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Seasonal Occurrence of the Potato Psyllid 
in the North Platte Valley 


R. L. Wauuts, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


In the production of potatoes and 
tomatoes in several of the Western States 
considerable difficulty has been encoun- 
tered from outbreaks of the potato psyllid, 
Paratrioza cockerelli (Sule). These out- 
breaks vary from year to year with dif- 
fering seasonal and environmental condi- 
tions. During years of high infestations 
plant growth is retarded, showing pro- 
nounced psyllid yellows and resulting in a 
reduction in yield and quality of potatoes 
and tomatoes. In years of light infesta- 
tions no noticeable symptoms of plant 
injury may be present, and damage may 
be so small as to be difficult to determine. 
The causes of these seasonal variations 
have never been fully determined. 

In 1939 the Bureau of Entomology and 
Plant Quarantine undertook an investiga- 
tion of seasonal outbreaks of the potato 
psyllid in the North Platte Valley of 
Wyoming and Nebraska and the environ- 
mental factors affecting these outbreaks. 
In this paper data are presented on psyllid 
populations on cultivated crops and non- 
economic hosts, which may be important 
breeding plants from 1940 to 1944, in- 
clusive. No attempt is made to discuss the 
seasonal origin of this infestation except 
to show that it is apparently not within 
the Valley. 

The principal theory as to its origin, 
and the one now being studied, is their 
possible long-distance movement from 
winter breeding areas in southern parts of 
Texas and Arizona. The following facts 
point to this as the probable overwinter- 
ing place of the potato psyllid: (1) 
They have never been found during the 
winter in appreciable numbers in the local 
area. (2) That they have been caught in 
airplane traps as high as 5000 feet in the 
air indicates the probability of migration 
by air currents. (3) They have been cap- 


tured in ground traps in conjunction with 
sugar beet leafhoppers that have mi- 
grated from these southern areas. (4) Re- 
ports show that infestations are generally 
heavier close to these winter breeding 
areas than in the areas farther north. (5) 
They apparently cannot withstand the 
high summer temperatures in these south- 
ern areas; therefore they disappear en- 
tirely from them during the hot weather 
and return again in the fall. (6) Cage 
studies show that they have been unable 
to withstand sub-zero temperatures on 
cedar trees in the northern areas. 
Previous WorKx.—In recent years 
several writers have mentioned the great 
variation from one season to another of 
damage due to psyllids, and some have 
discussed the probable causes. The true 
cause of psyllid yellows on potatoes and 
tomatoes was not discovered until 1927, 
when Richards and Blood (1933), working 
in Utah, attributed this disease to the 
feeding of the nymph of Paratrioza cock- 
erelli. Therefore little mention is made in 
the literature of psyllid outbreaks before 
that time, since the insect was not recog- 
nized as a pest of these crops. However, 
Daniels (1937) states that the losses to 
potatoes in Colorado in 1911, which were 
attributed to American leaf roll, were un- 
doubtedly caused largely by psyllids, and 
that the epidemic apparently continued 
into 1912. He further states that an early 
spring with moderately high temperature 
and low rainfall favors high psyllid infes- 
tations in the plains section by providing 
an abundance of suitable host plants. A 
serious outbreak of psyllids in 1931 in 
Colorado was attributed to a favorable 
spring which allowed the perennial host 
plant, groundcherry, to appear early in 
April. Daniels also reports considerable 
fluctuation in potato yields from 1931 to 


689 





690 


1937, attributing this condition largely to 
a combination of drought and psyllid yel- 
lows, which appeared to occur simultane- 
ously. 

List (1939) reports serious damage to 
tomatoes in Colorado in 1898, 1904, 
1906, 1911, 1912, 1915, and 1916, but the 
full significance of psyllid injury to to- 
matoes was not recognized during these 
early years. He reports damage to to- 
matoes almost every season in more recent 
years. 

Hartman (1937) states that in Wy- 
oming psyllid yellows was reported in the 
irrigated section around Torrington in 
1931; it was reported from many irri- 
gated sections of the State in 1932; in 1933 
there were no complaints of damage ex- 
cept at Laramie; and in 1934 and 1935 
psyllids were reported from every potato- 
producing section of the State. He further 
states that psyllid injury appears not to 
be affected by fluctuations in precipita- 
tion, but that there is a direct relationship 
between minimum winter temperatures 
and summer psyllid populations. Further- 
more, high maximum temperatures occur- 
ring in late June and early July are more 
important in reducing psyllid damage 
than low winter temperatures. 

List (1939) has shown by laboratory 
tests that the optimum range for psyllid 
development is rather narrow. The spe- 
cies thrives best at about 80° F.; oviposi- 
tion, hatching, and survival are definitely 
reduced at a constant temperature of 90°; 
a temperature of 95° permits little in- 
crease in numbers; and 100° for 1 or 2 
hours a day is lethal to eggs and nymphs. 
The source of the initial infestations of 
psyllids, which obviously have an effect on 
subsequent summer infestations, has 
never been fully investigated. 

Daniels (1937) reports taking adult 
psyllids during the winter months on red 
cedars in protected locations. List (1939) 
suggests the possibility that the initial 
spring infestation comes from some dis- 
tant breeding ground through migration, 
and Romney (1939) believes the source 
of the migrants which infest potato- and 
tomato-producing areas west of the 
mountains is southern Arizona, and of 
those which infest areas east of the moun- 
tains, is the lower Rio Grande drainage 
above Laredo, Tex. 

MetnHops.—Observation points were 
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established at random throughout the 
North Platte Valley, and these points 
were visited and sampled at 5- to 7-day in- 
tervals. Ten observation points on each 
host plant were established. Population 
counts were made by the sweep-net 
method, and at each observation point 
from one to four samples of 100 sweeps 
each were taken, the number of samples 
depending on the area of host plants. The 
samples were taken at random to uniform 
manner. The sweeping was done by brush- 
ing the net briskly across the tops of the 
plants, allowing the plants to cover ap- 
proximately half the net opening. Once 
across the tops of the plants was counted 
as one sweep. 

Host Piants.—The cultivated crops 
included in these tests were tomatoes and 
three plantings of potatoes. Tomatoes in 
this area are generally grown from plants 
set from about May 15 to June 15. This 
crop has a conparatively long growing 
season, which extends from the last killing 
frost in the spring until the first killing 
frost in the fall, and therefore has a longer 
period of exposure to psyllid attack than 
do potato crops. 

For the purpose of this study the potato 
crop has been divided into three groups 
according to the dates of planting. That 
which is commercially known as the early 
crop is planted in April and constitutes 
less than 10 per cent of the total acreage 
planted to potatoes in this area. The early 
growth of this crop.is made during the cool 
part of the season, and the plants reach 
their maximum growth in July, when 
summer temperatures normally reach a 
maximum. The crop is harvested early 
in August. The commercial late crop of 
potatoes is planted from about May 25 to 
July 1. In order to distinguish between the 
earliest and latest plantings of this crop, 
that part of the crop planted from May 25 
to June 5 was designated a medium crop 
and that part planted from June 20 to 30 
was designated a late crop. These crops are 
usually small in July, reach their maxi- 
mum growth in September, and are har- 
vested in late September and early Oc- 
tober. 

In 1941 it was discovered that potatoes 
growing in piles of cull tubers and matri- 
mony-vine, Lycium halimifolium Mill., a 
cultivated ornamental, contained large 
numbers of psyllids early in the season, 

















and beginning with that year these hosts 
were included in the survey. Potatoes in 
cull piles are a result of sprouting and 
growth of tubers that have been discarded 
from commercial and farm-storage cellars 
during the spring. Growth starts in early 
April and continues at a rapid rate during 
the relatively cool weather and high rain- 
fall of May and June. The rate of their 
growth is undoubtedly accelerated by the 
heat from decaying tubers at the bottom 
of the pile. Because of insufficient mois- 
ture these plants die by the second or 
third week of July. Matrimony-vine is a 
woody, perennial plant used as an orna- 
mental around the older city and farm 
dwellings. This is one of the earliest of all 
the psyllid host plants. Leaves begin to 
appear about the first of April and remain 
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Fic. 1.—Populations of the adult potato psyllid on 
noneconomic hosts in the North Platte Valley, and 
weather data during corresponding period, 1940- 
1944. (Solid bars indicate rainfall.) 


until freezing weather in the fall. It will 
withstand light frosts. 

The important wild host plants of the 
potato psyllid are buffalo-bur, Solanum 
rostratum Dunal, and several species of 
groundcherry, Physalis spp. Buffalo-buris 
an herbaceous annual which reproduces 








December 1946 Wa iis: SEASONAL OccURRENCE OF Potato PsyL1Lip 691 








by seed and is found abundantly in neg- 
lected fields, waste lands, and along 
roadsides. The seed is slow to germinate, 
and buffalo-bur is seldom found in this 
area before the first of June. The plants 
mature in late August and early Septem- 
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Fic. 2.—Populations of the adult potato psyllid on 
cultivated hosts in the North Platte Valley, and 
weather data during corresponding period, 1940- 
1944. (Solid bars indicate rainfall.) 


ber. Wild groundcherry is an herbaceous 
perennial which reproduces and spreads 
mainly by rootstocks. Most species attain 
a height of 6 to 12 inches, but one species 
reaches 18 to 20 inches. They are generally 
found along roadsides, irrigation ditches, 
and in abandoned fields, and they thrive 
best in loose, sandy soil. Growth starts 
about the first of May and continues until 
killing frost in the fall. 

Resvu.ts.—The results of the survey on 
noneconomic hosts for the five years 1940 
to 1944 are shown in figure 1, and on cul- 
tivated hosts in figure 2. The temperature 
and precipitation records are for Scotts- 
bluff, Nebr., which is near the center of 
the survey area. 

VARIATIONS FROM ONE SEASON TO 
ANOoTHER.—The population variations for 
all hosts from one year to another were not 
great, except during the 1943 season, when 
it was difficult to find psyllids at any time 
(Figs. 1 and 2). Though no data were 
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taken in 1940 on populations on piles of 
cull tubers and matrimony-vine, host 
plants that in other season have shown a 
heavy spring infestation, the indications 
are that the average infestation was only 
slightly less than normal. Large popula- 
tions existed on noneconomic and cul- 
tivated hosts in 1941, 1942, and 1944. 
That the size of the population one season 
has little influence on the size the follow- 
ing season is evidenced by the high popu- 
lation on all hosts at the close of 1942 and 
low numbers the following spring, even 
on cull piles and matrimony-vine. More- 
over, in the fall of 1943 numbers were low, 
but in 1944 a heavy spring infestation was 
recorded. This condition indicates that 
the spring infestation in 1944 came from 
some unknown source outside the valley, 
since it is highly improbable that increases 
could occur in the local area during the 
winter. 

Errect or Host PLants.—Among the 
noneconomic host plants of the potato 
psyllid, matrimony-vine and _ potatoes 
growing in cull piles are by far the most 
important. These plants begin to grow 
in April. A long period is thus provided 
during the cool part of spring to receive 
incoming adults from overwintering 
sources, and a breeding place is available 
before cultivated crops become large 
enough to support infestations. Large 
spring populations build up on _ these 
plants, reaching a peak during the first 
few days in July, after which there is a 
marked decrease in numbers. Plants in 
cull piles die by late July or early August, 
and psyllids are forced to move to early 
potatoes, which serve to carry them over 
until late potatoes and tomatoes are large 
enough to support psyllid infestations. 
The population on matrimony-vine, al- 
though considerably reduced after the first 
of July, is maintained at a comparatiyely 
high level during the remainder of the 
season, with some build-up during the cool 
weather of the fall. « 

Wild groundcherry, which starts growth 
about May 1, does not become large 
enough to attract adults until after May, 
and then only in small numbers. The 
peak of spring infestations, which occurs 
about July 1, is small; therefore, this host 
has little importance in breeding psyllids 
which may move to cultivated crops. The 
populations found in the fall are similar 
to those found on cultivated crops. 
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Buffalo-bur does not receive any of the 
initial infestation moving from overwin- 
tering sources, for it is difficult to find 
psyllids on this host until after July 1. 
However, the fall build-up and the cessa- 
tion of its growth about September 1 
force a movement to other hosts, and 
this host is important only for the num- 
oe it supplies to cultivated crops in the 

l 


The early potato is the first cultivated 
crop of the season, and psyllid infestations 
start on this crop soon after June 1. Num- 
bers increase until the latter part of July, 
when they reach a peak. Then they 
gradually decrease and are forced to later 
plantings when the crop is harvested in 
early August. This crop, which reaches its 
maximum growth in July when tempera- 
tures are high, serves as a means of carry- 
ing over some of the large numbers from 
potatoes growing in cull piles and matri- 
mony-vine to later plantings of potatoes 
and tomatoes in August. The latter plants 
are too small during July to protect psyl- 
lids from the high temperatures at that 
time. Matrimony-vine also undoubtedly 
serves this purpose to a certain extent, 
except that it retains much of its popula- 
tion later in the season, whereas psyllids 
are forced from early potatoes by the har- 
vest in August, just as they were forced 
from cull piles in early July. 

Psyllid infestations on the medium crop 
of potatoes generally do not begin until 
about the first of July, and they make 
little progress during the hot weather of 
July and early August, when the plants 
are small. Later there is a slow increase, 
probably due largely to a movement from 
the harvested early crop and to more fav- 
orable weather conditions for psyllid de- 
velopment. This infestation reaches a 
peak about the middle of September. 

Infestations on late potatoes begin 
about July 15, and remain only slightly 
smaller than those on medium potatoes 
for the remainder of the season. In 1940, 
however, for some unknown reason a fall 
peak failed to develop on this crop. As on 
the medium crop, psyllid numbers on late 
potatoes are increased in the fall by a 
movement of adults from the early crop. 
On tomatoes populations are slightly 
higher than on the medium and late 
plantings of potatoes. In 1941, when the 
crop developed somewhat earlier than 
usual, they appeared to include adults 
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from overwintering sources, and reached 
a peak in early July. The influence of 
temperature is shown this season by the 
reduction in numbers the latter part of 
July when maximum temperatures pre- 
vailed. In other seasons there is little 
change in numbers during the hot 
weather, but a noticeable increase in late 
August and September. 

Errect oF WINTER TEMPERATURES ON 
PopuLaTions.—Table 1 shows the aver- 
age populations of psyllids on all hosts in 
relation to temperature and precipitation 
for the five years of these investigations. 

These data show that there is no appar- 
ent relationship between either winter 
temperature or precipitation and psyllid 
populations the following summer. The 
lowest mean temperature and the highest 
population were recorded in 1942, and the 
highest mean temperature and the lowest 
population in 1943. In 1941, however, the 
next to highest mean temperature and 
next to highest population were recorded. 
The highest precipitation in 1942 was as- 
sociated with the highest population, but 
the next to highest population in 1941 
followed the lowest recorded precipita- 
tion. 

Errect OF SpRING ‘TEMPERATURE 
on Init1aAL PopuLation.—Temperatures 
during May have an effect on the number 
of psyllids found (Figs. 1 and 2). The aver- 
age monthly temperatures for May in 1941 
and 1944 were 60.9° and 59.2° F., and the 
average populations on all hosts in these 
months were 15.3 and 14.8 per 100 
sweeps, respectively. The average tem- 
peratures for May in 1942 and 1943 were 
54.6° and 53.7°, and the population were 
5.7 and 0.8, respectively. This indicates 
that low May temperatures tend to retard 
the movement of psyllids into the valley. 
The greatest increases occurred during 
June when temperatures were between 60° 
and 70° F, 

Errect OF SUMMER TEMPERATURES 
ON PopuLations.—July temperatures, 
which are normally the highest for the 
summer, as well as the maximum spring 
populations, influence the size of popula- 
tions for the remainder of the summer. 
The spring populations given in table 2 
are averages of the peak populations on 
matrimony-vine and cull piles, the prin- 
cipal spring hosts, which occur about the 
first of July, and the summer popula- 
tions are averages on all hosts after the 
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Table 1.—Effect of winter temperatures (De- 
cember, January, and February) and precipta- 
tion on the potato psyllid infestation the follow- 
72 summer in the North Platte Valley, 1940- 
1944, 














AVERAGE 
PsyYLLIps 
TEMPERATURE Tora PER 100 
Preciri- | SWEEPS ON 
Year| Mean | Lowest} tation | Ati Hosts 
°F. °F. Inches Number 
1942 24.3 —$l 2.28 13.53 
1944 26.3 —14 1.56 8.54 
1940 29.5 —16 2.05 1.65% 
1941 30.5 —25 65 12.37 
1943 $2.3 —20 at .49 

















1 No records on cull piles or matrimony-vine in 1940. 


spring peak. The July maximum tem- 
perature of 92.4° F. in 1943 prevented the 
building up from the very low spring 
population of any significant number for 
the remainder of the season. In 1942, when 
the next to highest temperature and the 
highest spring population were recorded, 
the summer population was considerably 
smaller than in 1941 and 1944, when 
average maximum temperatures were sev- 
eral degrees lower, and initial populations 
in the spring were more moderate. 
However, populations generally built up 
on early potatoes (Fig. 2), which reached 
their maximum growth in July. This fact 
indicates that large plants protect psyl- 
lids from high air temperatures. Other 
host plants, which are small at this time, 
permit the full penetration of heat and 
the sun’s rays into the foliage. Before 
cultivated crops are large enough to 
shade the surface of the ground, the sun’s 


Table 2.—Relation between July temperature, 
maximum spring population, and the summer 
population of the potato psyllid, North Platte 
Valley, 1941-1944. 











PSYLLIDS PER 
100 SwWEEPs 
SPRING 
Poputa- 
AVERAGE TION ON SUMMER 
Maximum | Matrimony- Popu.La- 
JULY VINE AND TION ON 
TEMPERA- CuLL ALL 
YEAR TURE PILES Hosts 
°F” Number Number 
1944 85.8 109 18.5 
1941 87.4 90 12.6 
1942 91.7 294 9.1 
1943 92.4 4 .6 
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rays heat it, and this heat radiates into 
the plant foliage. 

High temperatures apparently have 
little retarding influence on the develop- 
ment of psyllid infestations in August, 
since temperatures at this time are only 
slightly lower than in July (Fig. 1) and 
populations on all hosts gradually in- 
crease throughout the month. In 1944 the 
August temperature, average 0.9° F. 
above the July temperature and numbers 
continued to increase, while little change 
was shown during July, when the plants 
were much smaller. Cultivated crops, as 
well as noneconomic host plants, grow 
rapidly during the hot weather of July 
and August. 

Populations increase at an accelerated 
rate during the first half of September 
with little interruption, except in some 
seasons by early killing frost. For exam- 
ple, in 1941 frost on September 9 forced 
psyllids to move from cultivated crops to 
matrimony-vine and wild groundcherry, 
which were not affected by the frost 
(Figs. 1 and 2). Only the tops of the late 
potatoes were killed; therefore, the psyllid 
was able to maintain its population, but 
with little increase in numbers. In 1942 a 
frost on September 17 was followed bya 
long period of temperatures below 60° F., 
and psyllids were forced to leave the 
plants. The population of psyllids also de- 
creased in September of 1940 and 1944, 
when the temperature dropped to 60° or 
lower, although there was no killing frost. 
It is thought that these low temperatures 
may induce psyllids to move to overwin- 
tering quarters in the fall. 

SumMary.—Surveys of the potato psyl- 
lid, Paratrioza cockerelli (Sule), on culti- 
vated crops and noneconomic hosts in the 
North Platte Valley of Wyoming and 
Nebraska from 1940 to 1944 indicate that 
the psyllid does not overwinter in this 
area and that initial spring populations 
come from some unknown source outside 
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the valley. In the fall of 1943 a very low 
population of psyllids occurred on all host 
plants, but during the spring of 1944 the 
population was high. This could not 
have been the result of an increase in the 
local area during the winter months. 

Potatoes growing in cull piles and the 
matrimony-vine, Lycium halimifolium 
Mill., are by far the most important non- 
economic host plants of the potato psyllid 
in the North Platte Valley. These hosts 
collect the greater part of the initial 
population of adult psyllids in the spring, 
and serve as a source of infestation for 
other hosts, mainly early potatoes, in 
July. Wild buffalo-bur and groundcherry 
are not important host plants of the po- 
tato psyllid. The early potato crop serves 
to carry the psyllids over the hot July 
weather until later plantings of potatoes 
and tomatoes are large enough to support 
psyllid infestations. 

There is no apparent relation between 
spring infestations of psyllids and tem- 
perature or precipitation during the pre- 
ceding winter. 

The spring movement of psyllids to the 
host plants under study began the first 
weeks in May and June. The population 
of adult psyllids increased very rapidly 
during the latter half of June, and reached 
a peak about July 1. The size of this spring 
population was affected by the tempera- 
ture during May and June, the optimum 
temperatures for spring movement and 
development being between 60° and 70° F. 

The principal factors affecting psyllid 
populations after July 1 are the size of 
the spring infestations, size of plants, and 
maximum temperatures for July. Above- 
normal temperatures at this time will re- 
duce numbers to the extent that the sub- 
sequent build-up is very slow except on 
early potatoes, which are large enough to 
protect the psyllids from the hot sun’s 
rays. A fall peak of infestations is reached 
about September 15.—10-24-46. 
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In biological control today, as in the 
past, statistical proof of the efficacy of 
entomophagous insects in the field is all 
too often lacking. Smith & DeBach, in 
1942, recognizing the fundamental need 
for information of this type, stated: 
“Failure to present convincing evidence 
in support of conclusions with reference 
to parasite introduction is not, however, 
an indication of lack of appreciation of 
the desirability of some method of 
measuring, statistically, the effect of 
parasites or predators on their host 
populations. It is rather an indication of 
the difficulties inherent in the problem 
itself... .” 

The effectiveness of insecticides in the 
field has long been measured easily by 
comparing the differences between treated 
and untreated or check plots. In biological 
control work, however, a simple method 
such as this has not been used because, 
according to Smith & DeBach (1942), “it 
has not ordinarily been possible to adopt 
this procedure, for the reason that the 
check plots are almost immediately in- 
vaded by the introduced enemies.” These 
authors suggest other methods for meas- 
uring the quantitative effect of entomo- 
phagous insects on the survival of their 
host populations, principally, (1) correla- 
tion. of host and parasite or predator 
population fluctuations over a period of 
time, and (2) exclusion of enemies by 
screening, to serve as a check; they also 
discuss the limitations involved. 

A simple check method which is the 
exact inverse of the ordinary untreated 
check used in insecticide evaluations is 
now available for measuring the efficacy 
of certain entomophagous insects. Ac- 
cording to this method, a treated (poi- 
soned) plot, instead of an untreated (un- 
poisoned) plot, is used as the check, the 
treatment of necessity being one which 
will eliminate or greatly reduce the 
entomophagous insects involved, while 
having little or no effect on the host 
population. Comparison of such a treated 
plot with a plot having the natural 
enemies normally present, or purposely 
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introduced, will show by the difference in 
the two host populations just how valu- 
able the parasites or predators are. 

Up to the present time DDT has 
furnished the principal means of utilizing 
this type of check, although Smith (1929) 
has suggested that arsenical sprays could 
be used on infested trees to eliminate 
vedalia, Rodolia cardinalis, and Crypto- 
chaetum and thus measure their effective- 
ness aginst the cottony cushion scale, 
Icerya purchasi. DDT was the first in- 
secticide to be tested by the writer in this 
regard because numerous field observa- 
tions had indicated that subsequent to 
DDT applications certain host popula- 
tions had increased, while their predators 
or parasites had been eliminated. 

Fretp Tests anp Discussion or RE- 
suLTs.—Population observations begun 
by the writer in March, 1946, involved 
the long-tailed mealybug, Pseudococcus 
longispinus (Targ.), and its complex of 
predators and parasites on citrus trees in 
the field, treated? with DDT (12.5 per 
cent in talc) dust or spray, or with tale 
dust or spray, or untreated. Tale was 
used as a diluent for the DDT and was 
also applied in the pure form to determine 
whether inert-residue effects were in- 
volved in population increase. 

Comparable trees having similar initial 
densities of hosts and natural enemies 
were chosen for these studies. Treatments 
were applied March 11, 1946, and popula- 
tion samples were taken subsequently at 
monthly intervals. Estimates of pre- 
treatment populations (table 1) were 
based on averages of other, comparable 
trees which had been sampled regularly. 
Counts were based on band samples, 
which give an accurate index of relative 
tree populations. 

Results of tests in one grove are given 
in table 1. For purposes of simplification, 
data from dust and spray treatments using 
the same materials are combined. It is 
evident that by April the DDT treatments 
had greatly reduced the mealybug popula- 
tion and eliminated the predator popula- 
tion, although the percentage of para- 
sitization subsequently increased each 

2 Treatments applied in cooperation with Dr. Lee R. Jeppson. 
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month. This increase in parasitization un- 
doubtedly resulted from the elimination 
of competition with predators. Since, in 
the absence or near absence of predators, 
and despite the continued activity of 
parasites, the mealybug population on the 
DDT-treated trees proceeded to increase 
during May, June, and July, it follows 
that the parasites were not a controlling 
factor at the host densities involved. On 
the talc-treated trees, the mealybug 
population was not reduced by April and 
parasites were little affected, but increase 
of the predators was virtually eliminated 
during April and May. A heavy build-up 
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Another example of the value of an in- 
secticidal check -in the measurement of 
the efficacy of an entomophagous species 
has resulted from experimental treat- 
meats, with DDT, of citrus trees infested 
with cottony cushion scale. Several cases 
have been followed in the field, one of 
which will serve as an example. 

A generally heavy infestation of cot- 
tony cushion scale had developed in a 
navel orange grove in Tulare County by 
July, 1946, and the population of the 
predatory coccinellid Rodolia cardinalis 
had started to build up. On July 16, 1946, 
two plots* were sprayed with DDT, one 


Table 1.—Relative population changes of the long-tailed mealybug, Pseudococcus longispinus 
(Targ.), and its natural enemies on untreated and on DDT- and talc-treated check citrus trees, 1946. 








DDT-TreEaAtep TREES 


Tautc-TREATED TREES 


UNTREATED TREES 





Mealy- Preda- Parasit- 


Montuiy Counts _ bugs tors ization 


Mealy- Preda- Parasit- 
bugs 


Parasit- 
ization 


Preda- 


tors 


Mealy- 
tors’ ization bugs 





Number Number Per cent 
March (pretreat- 75 2 6 
ment estimates) 


Number Number Per cent 


Number Number Per cent 
75 2 6 75 2 6 


170 2 8 124 1 3 
525 3 26 108 82 28 
269 49 41 55 31 29 


April 10 0 22 
May 75 0 73 
June 180 3 80 


July 381 6 96 


25 14 39 9 13 78 





of the mealybug population during April 
and May showed that in the absence of 
sufficient predators rapid increase of the 
host occurred, even though parasites 
were present in normal numbers, as 
shown by comparison with untreated 
trees. On the untreated trees predators 
proceeded to increase rapidly and main- 
tain themselves, mealybug population 
declined, and parasitization remained 
fairly constant during May and June. 
Comparisons of the three types of treat- 
ments readily indicate that during the 
period involved predators were primarily 
responsible for the decline of the popula- 
tions of long-tailed mealybugs under 
natural conditions, whereas parasites 
played a minor role. 

It should be noted that in the above 
example this method permitted not only 
a measurement of the over-all effective- 
ness of the predator-parasite complex, 
but also a comparison of the two com- 
ponent parts. This was made possible by 
the unintentional use of two “insecticidal” 
checks, for at the time tale was not known 
to be “toxic” to predators. 


at the rate of 2 lbs. per acre and the other 
at 4 Ibs. This spray had very little effect 
on the cottony cushion scale but elimi- 
nated the predatory beetles. Meanwhile, 
on adjacent untreated trees, the Rodolia 
beetles population increased very rapidly, 
so that by August 21 there were practi- 
cally no live cottony cushion scale to be 
found. No reduction of the cottony 
cushion scale population occurred during 
this period on the DDT-treated plots, 
although by August 21 some adult 
Rodolia and a few young larvae were 
again present in these plots, indicating 
that the DDT had become ineffective. 
Again, a simple presence-and-absence 
comparison shows very definitely the 
effectiveness of an entomophagous insect. 

DDT, of course, is not the only in- 
secticide which will be found to be prac- 
tical. Rotenone (DeBach 1947) and 
arsenicals (Smith 1929) have also been 
found to have the necessary requirements 
for the measurement of the effect of 
Rodolia cardinalis on populations of cot- 


3 These plots were originally designed to test the effect of 
DDT on the cottony cushion scale, and were supplied by Dr. 
William H. Ewart. 














tony cushion scale. Haug & Peterson 
(1938) have shown that against the preda- 
tory coccinellid Hippodamia convergens 
phenothiazine and derris were especially 
toxic, with Black Leaf 40, paris green, and 
calcium arsenate somewhat less so. Given 
a host of Hippodamia unaffected by any 
of these materials, the efficacy of the 
predator could be measured easily. 

This method has its limitations. Ade- 
quate, practical population-sampling tech- 
niques are not always easy to develop 
for the host insect and its complex of 
natural enemies. Residues nontoxic to the 
host but toxic to its natural enemies may, 
entirely aside from the elimination of the 
natural enemies, make conditions more 
favorable for host population increase. In 
addition, it may not always be possible, 
or feasible, to obtain an insecticide which 
is nontoxic to a given insect pest but toxic 
to its parasites or predators, or to both. 
However, the surface has just been 
scratched. Insecticidal research has in- 
cluded tests of hundreds of materials 
against numerous insect pests. Many of 
these materials have been found to be 
nontoxic, or relatively so, to various host 
species. Certain ones, however, may be 
quite toxic to the parasites or predators of 
the hosts against which they are ineffec- 
tive. The task now remains for workers in 
biological control to determine, either by 
laboratory tests or from field observations, 
which of these materials are suitable for 
a particular problem, and to apply them 
in the field for the practical evaluation of 
the effectiveness of the entomophagous 
insect involved. 

SumMary.—A new type of check-plot 
method is described, which utilizes 
treated or insecticidial checks for meas- 
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urement of the efficacy of entomophagous 
insects. An insecticidal treatment, such as 
DDT, is used to eliminate or greatly 
reduce the populations of entomophagous 
insects involved, while having little or no 
effect on the host population. Comparison 
of a treated plot with one having in- 
troduced enemies or the normal comple- 
ment of natural enemies shows, by the 
differences in the two host populations, 
just how valuable the parasites or 
predators are. 

Field experiments are described in 
which citrus trees infested with the long- 
tailed mealybug, Pseudococcus longispinus 
(Targ.), were treated with DDT in tale, 
with tale alone, or were untreated. Three 
evaluations were made possible as a 
result, namely: (1) the effect of parasites 
alone, (2) the effect of predators alone, 
and (3) the effect of parasites and preda- 
tors combined. Predators were shown to 
be the major limiting factor, since mealy- 
bug populations were kept down in their 
presence, but increased to a certain extent 
in their absence and in the presence of 
parasites. 

Other field comparisons involved citrus 
plots infested with the cottony cushion 
scale, Icerya purchast Mask., which were 
treated with DDT, or were untreated. 
The untreated plots showed a remarkable - 
build-up of the predatory vedalia, Rodolia 
cardinalis (Muls.), and virtually the 
complete elimination of the cottony 
cushion scale. The DDT treatments killed: 
the vedalia present and kept them from 
re-entering the plots and becoming effec- 
tive throughout the remaining observa- 
tional period. As a result, the population 
of cottony cushion scale remained very 


“high.—10-22-46. 


DeBach, Paul. 1947. Detrimental effects of rotenone against the beneficial coccinellid Rodolia cardi- 


nalis. Jour. Econ. Ent. 39(6): 821. 


Haug, G. W., and Alvah Peterson. 1938. The effect of insecticides on a beneficial coccinellid, Hippo- 
damia convergens Guer. Jour. Econ. Ent. 31(1): 87-92. 
Smith, Harry S. 1929. The utilization of entomophagous insects in the control of citrus pests. Fourth 


Internatl. Cong. Ent. Trans. IT: 191-8. 


Smith, Harry S., and Paul DeBach. 1942. The measurement of the effect of entomophagous insects 


on population densities of their hosts. Jour. Econ. Ent. 35(6): 845-9. 











Salt Marsh and Anopheline Mosquito Control by 
Ground Dispersal of DDT Aerosols!” 


FRANK Brescia, Research Associate, Columbia University,’ New York, et al.4 


Field tests were made with an aerosol 
generator to determine the practicability 
of stable aerosols, composed of oil-DDT 
droplets, dispersed from a ground vehicle, 
for the rapid control of adult mosquitoes 
over large areas. 

The aerosol generator used was de- 
signed and developed (February to April 
1944) at the Columbia University, Cen- 
tral Aerosol Laboratories. Details will be 
reported later by its inventors. Approxi- 
mately equal quantities of oil, containing 
the dissolved DDT and water are pumped 
separately or as an emulsion through a 
vaporizing coil to form a mixture of super- 
heated steam and liquid oil which is then 
passed into the atmosphere through 


capillaries of specific dimensions at regu- 
lated temperatures and pressures. Passage 
of the vapor and liquid phases through 
the capillaries produces the desired aero- 
sol by mechanical disruption of the oil 
phase. The capacity of the No. 1 in- 


ventor’s model used was 16 to 18 gallons 
of emulsion per hour. In later models, the 
use of a dual plunger pump to feed oil and 
‘ water phases separately eliminated the 
need for emulsification. 

These field tests were conducted in the 
region of Cocoa, Florida, May 1 to July 
26, 1944, and in the Buckeye and Black- 
well Swamps, near Decatur, Alabama, 
August 1 to August 22, 1944. 

In the vicinity of Cocoa, Florida, the 
prevailing mosquitoes were the salt marsh 
species, Aédes sollicitans and A. taenio- 
rhynchus. Anopheles atropus and Psoro- 
phora ciliata were occasionally observed 
but in numbers insufficient for significant 
tests. 

In view of the markedly different habits 
of the Anopheles as compared with the 
Aédes, which might greatly affect the 


1 Contribution from the Department of Chemistry, Columbia 
University. 

2 This work was done under a series of contracts between 
Columbia University and Division 10 of the National Defense 
Research Committee of the Office of Scientific Research and 
Development. Dr. Victor K. LaMer, Professor of Chemistry of 
Columbia University, had general supervision of the pr. 

3 Present address Department of Chemistry, City Colic: of 
New York. 

4 This paper was prepared jo ow ae! by Dr. F. Brescia, Dr. 
Victor K. LaMer, George E. Bohart, Irwin B. Wilson, Ken- 
neth C. Hodges and John Rowell. The latter five names do not 
appear for bibliographical reasons. 


procedure required for their control, 
tests were carried out, in the swamps in 
the ‘Tennessee Valley where the principal 
species was Anopheles quadrimaculatus. 
A further reason for making such tests 
was to see what effect local variations in 
terrain and meteorological conditions had 
on control by DDT aerosols.5 It was ap- 
preciated that control requirements in 
the combat Pacific areas would doubtless 
be very different from those prevailing in 
any one locality in the U.S.A. It seemed 
desirable therefore, to test the method 
under two markedly different sets of con- 
ditions in the United States. 

PARTICLE SIZE WITH REFERENCE TO 
Fretp Operations.—Particle size is of 
importance in field work from two points 
of view: (1) Relative toxic effects, (2) 
Relative distances the particles are air- 
borne. 

Preliminary tests on the toxicity of 
DDT aerosols of uniform particle size 
started in the Columbia University 
Laboratories in November 1943, using 
Drosophila as the test insect and quantita- 
tive studies on Aédes aegypti were later 
carried out jointly with Mr. Randall Latta 
of the Bureau of Entomology and Plant 
Quarantine of the U. S. Department of 
Agriculture at the Beltsville Laboratories. 
These experiments showed that particles 
as small as 0.4 to 1 micron diameter were 
relatively ineffective as insecticides, be- 
cause of poor deposition on the insects, as 
compared with the larger particles of 6 to 
90 microns diameter. 

The other factor in effectiveness is the 
distance the particles remain airborne. 
This factor is very important since con- 
trol of adult insects on the wing can be 
brought about only by airborne particles. 
If the particles are larger than approxi- 
mately 40 microns (?.e. in the range com- 
monly designated as a spray or “heavy 
aerosol’’) they will not remain airborne 
for appreciable distances unless the wind 
speed is high, 7.e. of the order of at least 
15 miles per hr. Thus, using a high- 

5 All particle sizes in this paper are given in microns diameter. 
Subsequent field tests with larger and improved aerosol gen- 


erators on mosquitoes, as well as other insects, will be reported 
separately as such material becomes declassified. 
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pressure sprayer (air pressure 380 lbs., 
output 5 gal. per min.) and an oil mixture 
containing a red dye, on an open beach 
area with a wind velocity of 5 to 7.5 miles 
per hour, most of the mixture which had a 
particle diameter of the order of 125 
microns rained out within 35 ft. of the 
line of the course of the jeep from which it 
was applied. The jeep was moving at a 
speed of 12.5 m.p.h. This limited down 
wind travel of the spray was easily seen 
because of the intensity of the red colora- 
tion on the sand. This visual observation 
is further substantiated by the quantity 
of the dye which deposited on plates laid 
down at different distances down wind. 
These data are given in table 1 and are 
plotted in figure 2A. 

Table 1.—Quantity of dye in micrograms per 
square centimeter obtained at various distances 


down wind from a high pressure sprayer. Test 
#8: May 29, 1944. 








MicroGRaMs 
DYE/cM? 


DISTANCE 
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tion showed that the mass average par- 
ticle size is a function of a number of 
variables, for example, the volume ratio 
of steam to oil projected through the 
outlet nozzles and the viscosity and sur- 
face tension of the oil-DDT mixture. The 
greater the proportion of steam the small- 





25 ft. 14 

50 14 
100 2.2 
200 0.11 
300 -035 
400 0015 
500 0.000 





Furthermore, aerosols containing par- 
ticles which are larger than about 10 
microns diameter are not capable of pene- 
trating forested or jungle areas to any 
appreciable extent but rather will deposit 
out on the vegetation. 

These two size factors (7.e., if too small, 
aerosol is inefficient; if too large, the 
fraction of the aerosol remaining airborne 
will sharply decrease with distance) are 
conflicting. Best results against adults in 
the field are to be obtained with particles 
10 microns in diameter regardless of ter- 
rain and wind speed. (See also section on 
deposition and larval control.) But, where 
larval control in open country is the pri- 
mary objective, a larger particle size 
should be used and this should be in- 
creased with increasing wind speed as 
follows: 


Wind Speed Particle Diameter 


1 to 3 m.p.h. 16 microns 
3 to 6 24 
6 to 10 32 


EMULSION COMPOSITIONS AND PARTICLE 
Size.—Investigations of aerosol produc- 
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Fic. 1.—Tree hole location (1-10) and line AB of 
posted positions in test No. I. Broken line indicates 
general wind direction. 


er the particle size. Lower viscosities and 
surface tensions also favor formation of 
smaller particles. 

It is thus possible to vary the particle 
size considerably by adjusting the op- 
erating conditions of the generator or 
modifying the composition of the emul- 
sion or both. 

At proper operational temperature, the 
extent of DDT decomposition as shown 
by chemical analysis was negligible. 

The emulsion used in most of these field 
tests was about 50-50 oil and water by 
volume. Lubricating oil (10W) dissolves 
DDT very slowly to an upper limit of 
about 5 per cent. To increase the rate of 
solution and the quantity of DDT which 
can be dissolved, the DDT is first dis- 
solved in xylene. The DDT content thus 
can be raised to 10 per cent of the oil by 
weight, and even higher. 
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The xylene vaporizes much more 
rapidly than the lubricating oil and hence 
is not present to any appreciable extent in 
the aerosol droplets. The lube oil has an 
exceedingly low vapor pressure and hence 
does not evaporate. After the xylene 
evaporates, the particle size remains con- 
stant. The following formula was adopted 
as standard after several field tests for 
present purposes: 


Standard Emulsion Formula 








VoLUME WEIGHT 








INGREDIENT Gallons Lbs. Per cent 





Lubricating 

Oil—10W 15 108 40 
Xylene 3 21.5 8 
DDT 11 4 
Emulsifier 0.75 6.2 _* 
Water 15 124.5 46 


TorTaLs 34 271 100 





Emulsifiers used were Span 20, Span 80, 
G1200, G1500, G1165 and G2000 C. Al- 
though these were satisfastory for pur- 
poses of the field tests reported herein, 
they are not to be recommended for field 
use because of the time required to pre- 
pare emulsions with these particular 
emulsifiers. Subsequent to these field 
tests it was found that Atlas Powder Tween 
85 (2.5 per cent of the oil by volume) 
eliminated much of the labor of preparing 
the emulsions. 

The particle size was determined by 
holding a can, which contained a slide 
with an oleophobic (zinc stearate) surface, 
in the aerosol cloud for 2 to 3 seconds and 
then placing a tight fitting lid upon the 
can. The can was at least 6 inches 
diameter and 6 inches deep. It was allowed 
to stand at least 30 minutes before the 
slide was examined microscopically. On 
such an oleophobic surface, the contact 
angle between droplet and surface is 
fairly constant and the apparent diameter 
is approximately twice the true diameter. 
The use of barium-copper-ferric stearate 
oleophobic surfaces is not always satisfac- 
tory when emulsifiers other than soap are 
used. 

METEOROLOGICAL CONDITIONS AND 
Fietp Oprrations.—Meteorologists ex- 
press the state of atmospheric stability 
by the terms, “Inversion,” “Lapse” or 
*‘Neutral.”” Under inversion conditions, 
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the temperature of the air near the 
ground is colder than that of the layers 
above it, and the result is a stable at- 
mospheric condition. On the other hand, 
lapse corresponds to a turbulent atmos- 
phere produced by the heating of the 
earth by the sun so that the lower layers 
of air are warmer than the upper layers. 

In making tests (or in actual control 
work), inversion or at least neutral condi- 
tions are necessary and wind speed above 
2 m.p.h. are desirable to disperse the 
aerosol effectively. Operations with wind 
speeds less than 0.1 m.p.h. are not practi- 
cable. Under lapse conditions, the bottom 
of the aerosol cloud will rise, leaving very 
little of the’ toxic material near the ground 
level at which the insects are to be found. 
A sufficient degree of atmospheric stabil- 
ity sets in after sunset, making it possible 
to operate at any time between sundown 
and sunrise. 

Wind speed is a very important factor 
in determining the ability of the aerosol 
to remain close to the ground. It is pos- 
sible to operate during sunlight with 
winds of greater velocity than 5 m.p.h. 
since under these conditions more or less 
neutral conditions exist. On cloudy days 
neutral conditions usually prevail. 

Proper meteorological conditions for 
operation were checked by setting off an 
H-C Hand Smoke Grenade and observing 
whether the bottom of the smoke cloud 
lay close to the ground and whether there 
was much, if any, turbulence causing the 
cloud to rise rapidly. 

The dependence of successful test opera- 
tions upon suitable wind conditions and 
atmospheric stability should be further 
emphasized. Several tests had to be 
abandoned because of lack of any wind. 
Others were practically or completely 
upset by sudden changes in direction of 
the wind. 

The fact that several tests had to be 
given up because of wind shifts does not 
in any way detract from the applicability 
of the general method of large area 
coverage by ground dispersal of aerosols. 
A change in wind direction in an actual 
operation can be compensated for by 
moving the generator to correct this shift. 
On the other hand, in test work, if the 
wind shifted, plates, slides, cages, and 
barrels were no longer in the path of the 
aerosol and, hence, the test as planned 
had to be abandoned. 
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It is, of course, obvious that when there 
is no wind, there can be no operation 
either for test or for clearing an area of 
mosquitoes in actual control work. 

Even though time may be lost during 
an actual operation from periods of no 
wind or from moving the generator to 
compensate for a change in the wind 
direction, the coverage is so large and 
efficient that it will still be possible to 
cover many more acres per man hour than 
is possible with spray crews using hand 
or power sprayers. 

Hasits or MosquitoEs AND CONTROL 
OpeRATIONS.—The location of the adult 
mosquitoes at different times of the day 
and their migratory habits must be known 
not only to determine the best time and 
place for practical operations but to 
evaluate correctly the test results. It is 
recommended that a study of the migra- 
tory habits of the insect being treated 
always precede field tests in the chosen 
locale. 

With the small dosages found neces- 
sary to achieve kill on the wing, residual 
effects become unimportant. Hence, the 
aerosol has to be projected and carried by 
the wind to the place where the mos- 
quitoes are located. This refers not only 
to the general locality in which the insect 
is at the time, but also to the character of 
the particular spot wherein the insect is 
located. For example, using large spray 
particles it is more difficult to deposit a 
lethal dose of DDT upon a mosquito 
while it is resting inside a hollow log or in 
a tree hole than upon the mosquito on the 
wing. The droplet, in order to make con- 
tact, must be carried by the wind or eddy 
currents into these hiding places. Later 
(tables 8 to 10) it will be shown that kill 
in such places was achieved by generation 
of aerosols of proper particle size. 

Broadly speaking, migratory habits can 
be divided into two types, diurnal move- 
ments within limited areas, and irregular 
roving movements. The diurnal move- 
ments are the ones which determine when 
and where a certain localized group of 
mosquitoes should be treated. The no- 
madic movements affect the rate at which 
mosquites outside the treated area may 
infiltrate into the treated area. This rate 
determines how often a given area has to 
be treated to keep it reasonably free from 
mosquitoes. 
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PROCEDURES IN FieLp Tests.—Early 
exploratory tests (May 1944) were made 
by generating aerosol from a fixed point 
and determining the toxicity to caged in- 
sects at various distances down wind. 
Later when natural mosquito populations 
were available, cage mosquitoes, were also 
used to prove that the aerosol was lethal 
and not simply repellent. 

The caged insects were set out at 
measured intervals down wind. In the 
early experiments, test cages were placed 
not more than 300 feet or 400 feet from 
the generator. Later on, as the effective- 
ness of DDT at greater distances was 
demonstrated, the test cages were set 
progressively farther away. When natural 
populations of larvae were not available 
in the testing grounds used for the adults, 
larvae were collected, if possible, and 
placed in pans which were set out with 
the cages. All tests herein reported were 
made with the generator in motion. 

For short distances the cages could be 
set out a few minutes before the generator 
was started, in which case they could be 
arranged directly down wind. Barring a 
sudden shift in wind direction, that pro- 
cedure was satisfactory. 

When test distances were increased to 
more than 1500 ft., cages and larva pans 
had to be placed in position an hour or 
more before the test was started. This 
involved ascertaining as far as practicable 
the probable wind direction. Local weather 
stations were consulted for predictions of 
the probable wind direction. Stakes were 
then set out at known intervals on three 
lines forming 45 degree angles. These 
stakes marked the stations at which cages 
and larva pans were subsequently placed. 
When the test was made, the wind direc- 
tion, if forecast with any reasonable 
degree of accuracy, would be in the 
direction in which one or another of the 
lines of cages was laid out. 

The distribution of aerosol over the 
terrain was determined in a variety of 
ways, including visual observation with 
the aid of high powered Dewar search- 
lights, detection by odor, and deposition 
on microscope slides. 

More accurate permanent evidence of 
the passage of aerosol was obtained by 
adding a blue dye (Calco Blue NA) to the 
emulsion and measuring deposition (see 
section on deposition and larval control). 
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The toxicity of the aerosol was deter- 
mined by observing its effect on the fol- 
lowing: 

(1) Natural free population of both 
adult mosquitoes and larvae. Measure- 
ments of salt marsh adult mosquito 
population were made before and after 
each test by counting the number of 
mosquitoes landing on the back of the 
shirt and trousers of an observer after he 
had remained motionless for 1 minute. A 
(+) after the count figure indicates that 
there were many mosquitoes in the air in 
addition to those which had already 
landed. With Anopheles quadrimaculatus 
adult counts were made in the natural 
resting places before and after each test. 

(2) Adult mosquites in cages and kegs, 
and mosquito larvae in clear water in 
pans. (For the salt marsh species, a small 
amount of brackish water was added.) 

With the pest mosquitoes, a factor 
which may affect the accuracy of the 
landing rate measurement is the tendency 
of these mosquitoes to follow the observers 
from station to station, so that the same 
insects may be recounted several times. 
This error is important only when but 
few insects are present and was eliminated 
as far as possible by shaking off the 
mosquitoes and running to the next 
stations. However, for most of the tests, 
sufficient workers were present to make 
movement from station to station un- 
necessary. 

For kills in hiding places, such as holes 
in trees, a survey of the population of 
natural holes before and after tests is 
probably more satisfactory than tests 
made only with nail kegs covered with 
wire gauze. The shape and location of 
natural hiding places unquestionably has 
a great effect on the way aerosol pene- 
trates all the nooks and crannies where 
the mosquitoes spend the day. Where 
possible, both methods were used. 

Anopheles quadrimaculatus, unlike the 
salt marsh varieties, is easy to trap in 
view of its predilection for hollow logs and 
other similar places. Investigators at the 
T.V.A. demonstrated that if an empty 
damp nail keg is laid on its side in a 
shaded spot, it will contain in the daytime 
large numbers of anopheline mosquitoes. 
For test purposes, these were transferred 
to cages or the keg was covered with a 
screen and used as a cage. 
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To avoid any error that may result 
from using the same cages in different 
tests, only new unexposed brass cages 
were used for each test. Size of cages was 
6 inches long by 2.75 inches diameter. 
Also, once exposed, a barrel was no longer 
used for test purposes, thus avoiding any 
question involving “residual effect.” 

Fretp Resutts I—Controu oF SA.tt 
Marsu Mosaquitors.—The entomological 
results of field tests made with the salt 
marsh mosquitoes are now given with 
pertinent data. As used here, length of 
front refers to the number of feet traversed 
by the generator carrier. 

Test A (June 9, 1944): An adult control 
test using the natural (salt marsh) 
mosquito population. 

Terrain: Thecomparatively dense forest 
with a closed canopy located on the west 
side of Florida Route 140 and lying south 
of the causeway (Route 70). 

Operational conditions 

Length of front: 1000 ft. 

Wind speed: 0—106 ft. per minute (outside forest) 

Inversion conditions: poor 

Time of test: 19:17—22:00 
Emulsion used: 50 parts oil-50 parts water by 
volume, DDT content 6 per cent of the oil wt. 

Dosage: 10 gals of emulsion per 1000 ft. 

Particle size: 2 micron diameter 

Entomological results: Adult mosquito 
landing rate counts were made at about 
55 different locations covering the south, 
central, and north sections of the 1000 by 
1000 ft. test area. Check counts were also 
made at 10 different locations in the 
forest directly south of the test area. 

The mosquitoes in the test ground were 
not bred in its vicinity because of the 
absence of larvae in the area and in the 
immediately surrounding waters. They 
had, therefore, migrated into the test 
area, most likely from the mosquito breed- 
ing areas on Merritt Island, located across 
the Banana River 3 miles west of the test 
area. 

Table 2 gives the average landing rate 
for the different locations. Mosquitoes 
were present throughout the test area 
prior to the test but 90 minutes after the 
test, the landing rate was zero and only 
one or two buzzing sounds were heard 
throughout the test area whereas the 
control area showed no appreciable change 
in adult population. Also, it was found 
that the areas immediately southwest of 
the test area as well as the area to the 








LT 
cal 
alt 
ith 

of 


rol 


h) 


st 
st 
th 








December 1946 


east were cleared of mosquitoes by the 
spread of the aerosol cloud. Hence 
1000 X 1000 ft. is the estimated minimum 
area over which satisfactory adult salt 
marsh mosquito control was obtained in 
this test. 

The return of an adult population 12 
hours after the test shows clearly that no 
residual effect is to be expected from such 
a dosage as was used in the test and is 
illustrative of the rapid rate of infiltration, 
characteristic of salt marsh mosquitoes. 
Also, the twelfth hour count was made 
well after sunrise at which time migration 
into the shaded areas of the forest had 
already occurred (see checks in table 2). 


Table 2.—Average landing rates (mosquitoes 
per minute) for about 55 locations. Test A, 
June 9, 1944 








Arter TREATMENT 





Brrore 





TREAtT- 12 16 
MENT 90 Minutes Hours Hours 
Test Area 12 0.4 25 28 
(97 per cent 
reduction) 
Checks 7 7 14 22 





Actually, the presence of the large 
population found in the morning follow- 
ing the test could have been predicted 
from the known migratory habits of these 
salt marsh mosquitoes. The absence of a 
residual effect was confirmed by the 
Orlando Laboratories of the Department 
of Agriculture with leaves taken from 
trees located 100, 200, 300, 400, and 500 
ft. down wind. 

Test B (June 16, 1944). Object: 'To 
demonstrate residual toxicity to adults. 

Terrain: Test area was the light-dense 
forest located north of Florida Route 70 
and east of Route 140. 

Operational conditions 

Length of front: 400 ft. 

Wind speed: 0 to 120 ft. per minute (outside forest) 

Inversion conditions: g 

Time of test: 22:10 to 23:25 

Emulsion used: 60 parts oil—40 parts water by 

volume; DDT content was 5 per cent of the oil 
by weight 

Dosage: 52.5 gallons per 1000 ft. 

Particle size: 6 to 8 micron diameter 

Entomological results: Mosquito counts 
were made at 17 different points in the 
test area (table 3). Check counts were 
made at 9 different locations in the light 
forest across Route 70, opposite the area. 

The counts along the north and north- 
east lines were made immediately before, 
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and 20 minutes after, the test. The follow- 
up counts were made in the morning after 
full sun was up and at night although a 
more logical time for the follow up counts 
would have beer: late afternoon, but prior 
to sundown. Nevertheless, it is possible to 
draw definite conclusions from the data 
(table 3) obtained: 

(a) Kill on the wing was probably ob- 
tained to at least 1000 ft. down wind al- 
though actual counts were made to only 
600 ft. which show practically 100 per 
cent control 20 minutes after the test. 

(b) Very satisfactory residual effect was 
obtained for a period of at least 12 hours 
following the test over an area of 400 ft. 
by 200 ft. (positions 7 to 4) downwind. 
This is emphasized by the fact that the 
mosquito population in the check area 
increased during this period by factors of 
3 to 4. After 24 hours, a good residue effect 
was still evident along the northeast line 
only, and after 48 hours the counts were 
practically the same as before the test. 
About 4 pounds of DDT were expended to 
obtain a brief protective period over 
about 2 acres of ground. From this experi- 
ment it can be concluded that for longer 
protective periods with respect to salt 
marsh mosquitoes it would be more 
practical to treat extensive areas for kill 
on the wing than to deposit sufficiently 
large quantities of DDT from the aerosol 
generator over limited areas. 

Local ground depositions (see section 
under deposition and larval control) 
varied from 0.32 lb. DDT per acre at 40 
feet to 0.025 lb. at 200 feet downwind. 

Test C (July 26, 1944) Object: An adult 
mosquito control test; to reproduce the 
results of Test A. 

Terrain: Test area was the light-dense 
forest located north of Florida Route 70 
and east of Route 140. 

Operational conditions 

Length of front: 500 ft. 

Wind speed : 30 to 185 ft. per minute outside forest 

Inversion conditions: poor 

Time of test: 21:31 to 21:55 

Emulsion used: 50 parts oil-50 parts water by 

= DDT content being 10 per cent of the 
oll Wt. 

Dosage: 10 gals of emulsion per 1000 ft. 

Particle size: 6 to 12 micron diameter 

Entomological results: In this test satis- 
factory adult control was again obtained 
in a forest. Adult counts were made 20 
minutes before and after the test at 








JOURNAL OF Economic ENTOMOLOGY 


Vol. 39, No. 6 


Table 3.—Average landing rates. Test B. June 16, 1944. 








DIstTANCE 


Arter TEst 





BEFORE 
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(NieHT) 


Down 
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PositT10on Feet 


20 Min. 
(Night) 


38 Hours 
(Night)! 


36 Hours 
(Morning)! 


24 Hours 
(Night)! 


12 Hours 
(Morning) 





NE 40 28 
90 24 
140 20 
190 18 
240 15 
340 18 
440 50 
490 20 
540 24 
600 22 
—15 
40 +? 
65 
115 
165 
215 
315 
415 
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6 
5 
4 
3 
2 
1 
8 
9 
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7 
6 
5 
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3 
2 
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1 9 12 30 
2 5 17 29 
1 6 15 
16 50 
35 100 
150 
200 


45 

31 

46 

95 

160 

170 
over 200 
over 200 





1 These counts were made over the complete body 


? Insufficient personnel to make complete counts; the + indicates a rate of at least 15. 


several positions and the results are given 
in table 4. Check positions were estab- 
lished in the forest up wind of the test 
area and the check counts remained con- 
stant, through this same period, at about 
100 in one location and about 60 at a 
second location. Hence, satisfastory adult 
control was obtained to the measured 840 
ft. down wind. 

At dawn following the test, the mos- 
quito adult population, as expected, was 
back to its usual dawn level. 


Table 4.—Average landing rates. Test C. July 
26, 1944. 








Arter TEst 





Fret 
Down 
Winp 


BeroreE 15 20 90 2 
Test min. min. min. hrs. 





90 20! 0 0 
160 221 
225 18! 
460 241 
600 20! 
840 25! 





1 Denotes about 50 mosquitoes flying around ankles but not 
landing. 


The next series of tests (Tests D, E, F, 
G, H) were conducted in an open marsh 
area in and about Sykes Creek (Merritt 
Island, Fla.). The marsh consisted mainly 
of pickleweed with Distichylus grass in 
isolated spots. The edges of the marsh 
were generally lined with mangrove and 
laurel trees. The main objective of these 
tests was to determine the maximum 
distance of control of salt marsh mos- 
quitoes obtainable with a given dosage. 
A skiff was used as the generator carrier. 
Positions to about 5000 ft. were staked 
out for three different directions, which 
would permit operations for the winds 
_— to be prevalent from meteorological 

ata. 

Test D (June 30, 1944). A dosage of 24 
gallons of emulsion over a front of 3900 
ft. and 10 gallons over another 2300 ft. 
was too small to produce any striking 
effects. In Test E (July 4, 1944) a dosage 
of 15 gallons of emulsion over a front of 
1500 ft. did not produce satisfactory 
results beyond 1000 ft. down wind. In 
Tests D and E, the emulsion used was 50 
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parts water-50 parts oil, the DDT con- 
tent being 5 per cent of the oil by weight. 

Test F (July 6, 1944). With an increased 
dosage, it was noted that the mosquito 
landing rate decreased to practically zero 
during the test but rose very rapidly, 
within 15 to 20 minutes after the test, to 
the original count. Thus, counts made at 
several different cross wind locations at 
1500 ft. down wind decreased from an 
average of about 55 before the test to 0 to 
5 after the test, but increased very rap- 
idly to practically 55. The same phe- 
nomenon was experienced at the 2600 
ft. down wind mark. This rapid return of 
mosquitoes clearly indicates that the 
mosquitoes were not being killed. The 
aerosol, easily detectable by smell and 
high powered spotlights, remained about 
a foot above the pickleweed. The mos- 
quitoes, upon smelling the aerosol, 
dropped into the marsh vegetation and in 
that position were safe from the aerosol 
cloud which remained above the vegeta- 
tion. After the cloud passed, the mosqui- 
toes could safely re-emerge. 

Test G (July 8, 1944) Object: As a result 
of Test F, it was decided to operate during 
the early morning hours, when inversion 
is stronger, as well as the late night 
hours and to use caged mosquitoes to 
demonstrate that the rapid return of 
adult mosquitoes is due to an inversion 
condition that was not strong enough to 
carry the aerosol down into the marsh 
vegetation as well as demonstrate the 
killing power of the aerosol produced. 


Operational conditions 

Length of front: $00 to 800 ft. This was varied 
because of the variable wind (WSW to WNW, 
occasionally SW to NW). By varying the 
length of the course, it was possible to keep the 
observation positions in the aerosol cloud. 

Wind speed: 250 ft per minute. 

Time of test: run (a) 04:02 to 05:05; run (b) 
05:30 to 06:25 

Inversion: Fair during run (a) but aerosol did 
not get below the pickleweed level. Good during 
run (b); aerosol penetrated into the pickleweed 
to the ground. 

Emulsion used: 50 parts oil—-50 parts water by 
volume; DDT content was 10 per cent of the 
oil by weight. 

Dosage: A total of $2 gallons of the emulsion was 
put out for both runs which is calculated to be 
9 to 10 gallons of emulsion per 1000 ft. of front 
when corrected for the spread caused by the 
constant shift of the wind between WSW and 
WNW. 

Particle size: 12 to 14 micron diameter. 


Entomological results: Mosquito counts 
were made at three points down wind. 
Also, two cages of mosquitoes (ob- 
tained from the existing natural popula- 
tion) were held in the aerosol clouds at the 
1500 and 2600 ft. positions. The results 
for the natural adult population and 
caged mosquitoes are given in table 5. 
After the test, the personnel stationed at 
2000 ft. walked down wind to 3400 ft. 
and heard only two buzzing mosquitoes; 
the landing rate was zero to this mark. 
Attempts to kick up mosquitoes out of 
the pickleweek produced no mosquitoes. 
Pretreatment counts were not made at 
3400 feet location but from uniformity of 
terrain and mosquito species, and from 
past and later experiences with this par- 
ticular spot, it is safe to assume a high 
population was previously present. 

The fact that the caged mosquitoes in 
cage 1 were affected and eventually 
killed after run (a) whereas over the same 
period of time the mosquitoes in cage 2 
lying upon the pickleweed were not af- 
fected and the natural mosquito popula- 
tion started to increase rapidly after run 
(a), definitely proves that the compara- 
tively poor results obtained upon the 
natural mosquito population in Test F 
and in this run (a) are due to relatively 
poor inversion conditions and not to a 
lack of killing power of the aerosol pro- 
duced. This is further substantiated by 
the high mortality obtained on all caged 
mosquitoes and by the results of run (b) 
conducted at a time when inversion was 
strong enough to keep the aerosol close to 
the ground. After run (b) the counts on 
the natural population were zero and re- 
mained at zero until the personnel left 
the test area, 50 minutes after the end of 
the test. 

Thus, very satisfactory control was ob- 
tained to a distance of at least 3400 ft. 
down wind for an output corresponding 
to 9 to 10 gallons per 1000 ft. of front. 
Such results are obtainable on the marsh 
field only when inversionaconditions are 
strong enough for the aerosol to “hug” 
the ground or the marsh vegetation. 

Cage 1. Contained 15 adults and was 
held in the arosol at 1500 ft. Some mos- 
quitoes were affected after 1 to 2 minutes 
in the arosol and by the end of run (a) all 
were affected. Final count after the test 
showed 100 per cent mortality. 
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Cage 2 contained 9 adults and was laid 
upon pickleweed. After run (a), they were 
not apparently affected and were held in 
the aerosol during run (b). All were af- 
fected by the end of the run and final 
count showed 100 per cent mortality. 

Cages 3 and 4 contained 13 and 15 
adults respectively and were held in the 
aerosol at 2600 ft. during runs (a) and (b). 
The reactions were the same in both 
cages. As each aerosol cloud passed, the 
mosquitoes dropped to the bottom of the 
cage but came up again. The final count 
showed 85 per cent mortality in Cage 3 
and 100 per cent in Cage 4. 
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counts. The test was again made in two 
runs; (a) at pre-dawn, 05:21 and 06:13 
and (b) at post-dawn, 06:58 to 07:43. 

At least two cages of mosquitoes cap- 
tured in the area just prior to the test 
were also located at each position. 

The test results on both the natural 
population and caged mosquitoes are 
given in tables 6 and 7. 

In addition to these results, several 
members of the field party walked, after 
the test, from the 2400-foot position to 
5000 feet down wind making counts at 


_ every 500 feet. The average count on the 


observers over this distance was two. 


Table 5.—Caged mosquito results. Test G. July 8, 1944. 








BEFORE 5 MINUTES 
Run (a) 


(08:45) 


PosITION 
Down WIND 


FEET (05:10) 


AFTER Run (a) 


25 MINUTES 
AFTER Run (a) 
AND AT START 

or Run (b) 

(05:30) 


20 Min. 
AFTER 
Run (b) 
(06:45) 


50 Min. 
AFTER Run (b) 
(07:15) 





120+ 0 
55+ 10 
70+ 18 


1500 
2000 
2600 
3400 


40 0 
4 0 
46 0 
2 buzzes, 
0 landing rate 





Test H (July 18, 1944) Object: A repeti- 
tion of Test G to ascertain if the results 
on adult mosquito control of Test G 


could be duplicated. 


Operational conditions 

Length of front: 500 ft. 

Wind speed: 130 to 190 ft. per-minute. Maximum 
245 ft. per minute. 

Inversion: good during both runs; aerosol was 
down to the ground 

Time of test: run (a) 05:21 to 06:13 (b) 06:58 to 
07:43 

Emulsion used: 50 parts oil-50 parts water by 
volume; DDT content was 10 per cent of the 
oil by weight. 

Dosage: A total of 32 gallons of the emulsion was 
put out for both runs, which, corrected for the 
constant shift of the wind between west and 
southwest, is equivalent to a dosage of 8 to 9 
gallons of emulsion per 1000 ft. of front. 

Particle size: 6 to 8 micron diameter. 


Entomological results: Positions for 
adult mosquit® counts were located at 
1400, 1700 and 2400 feet. At the 1400-foot 
position, counts were made under a large 
laurel tree (which by 07:00 in past morn- 
ings yielded landing rates of 200 to 300 
mosquitoes per minute), at the edge of 
this tree and in the pickleweed about 40 
ft. from this tree. A position, up wind of 
the generator, was established for check 


This count includes one made beside a 
large laurel tree at the 5000-foot mark at a 
time of the day (09:00) when the laurel 
tree count would have been in the hun- 
dreds. Also, at about 5200 feet an average 
count of one was obtained by two ob- 
servers at another laurel tree; at 5300 feet, 
in a shaded spot, an average count of two 
was obtained by three observers. These 
counts were made at about 09:00 and at 
about this same time (09:30), the swamp 
area, located south of the treated area, 
showed counts of 50+ + in several shaded 
spots. 

About 24 hours later, the laurel tree at 
the 5200-foot mark had a count of 
100++-+ and a count of 40+ was ob- 
tained in the shaded spot at the 5300 foot 
mark. 

From these results, it can be concluded 
that 100 per cent mortality was obtained 
on natural population to about a half 
mile down wind and that at least 95 per 
cent mortality was obtained for an addi- 
tional half-mile down wind for an output 
corresponding to 8 to 9 gallons of emulsion 
per 1000 feet of front. Residual effects, as 
was to be expected, were not important. 
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Fisuo.—Although no quantitative studies 
were made regarding the effect of the- 
DDT-oil aerosol on fish, it can be stated 
that, as used on Sykes Creek, the aerosol 
had no effect on the fish-life in these 
waters. Sykes Creek abounds with trout- 
like fish known as mullet. Occasionally 
while we were rowing to and from various 
positions, fish would bounce into the boat. 
The order of magnitude of the quantity 
of oil-DDT deposited on the water surface 


Table 6.—Average landing rates. Test H. July 18, 1944. 
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of which the generator run was made; 
high somewhat broken canopy. 
Operational conditions 
Length of front: 500 ft. 
Wind speed: 30 ft. per minute or less in the forest 
Inversion: Fair to poor 
Time of test: 18:00 to 20:25 (Operation was 
interrupted once to clear a clogged nozzle and 
once to clean the burner strainer.) | 
Emulsion used: 50 parts oil-50 parts water by 
volume; DDT content was 10 per cent of the 
oil by weight 
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AFTER 
20 |Durinc DurING Run (a) 45 110 26 
PosItTIon MIN. 5 Min. AND (|Durinc}) Env | Min. | Min. | Hrs. 
Down Winn, | BEFORE} Run | Run | artrer |Startor| Run OF | AFTER | AFTER | AFTER 
FEET TEst (a) (a) uN (a)} Run (b) | (b) Test | Test | Test | Test 
Time 05:00 | 05:45 | 06:05 | 06:20 | 06:55 | 07:15 | 07:45 | 08:80 | 09:35 
1400 
a) Under Tree ee eT SS 3 2 1 0 0 0 25+ 
b) Edge Tree 35+} 4 |} @ 0 0 0 
c) Pickleweed + 3 16 Q 0 0 0 0 8 
1700 50+ 6 | 1 5 0 0 0 0 
2400 112+ 36 23 1 0 0 0 
Checks 
a) Pickleweed | 26 | | 23 
Creek Edge | 
b) Open Marsh | 140+ | | 118+ 70 72 
(Pickleweed) | 
c) Tree 63+ | | 100+ | 133+ | 150+ 


























of the creek was about 10 to 15 micro- 
gram per square centimeter close to the 
boat carrying the generator. In addition, 
at least two gallons of the emulsion were 
pumped into the creek water on starting 
and shutting off the generator. No dead 
fish were observed. It is possible, but not 
very probable that affected fish could 
have gone beyond our range of observa- 
tion. 

Firetp Resuutts II—ANopPHELES Quap- 
RIMACULATUS ConTROL.—The next series 
of field tests was conducted in the Black- 
well and Buckeye Swamp territories and 
forested areas, in the TVA experimental 
grounds near Decatur, Alabama, to deter- 
mine the effect of the aerosol upon the 
natural and screened adult and larval 
population of Anopheles quadrimaculatus. 

Test I (August 24, 1944): A control test 
on Anopheles quadrimaculatus adults. 

Terrain: A light deciduous forested area 
with a thick vegetative growth at the edge 


Dosage: 30 gallons of emulsion, which, corrected 
for the wind spread, is equivalent to about 30 
gallons of emulsion per 1000 feet of front. 

Particle size: 10 to 14 microns diameter. 


Entomological results: This was a test 
successfully carried out against natural 
and screened adult Anopheles quadrimacu- 
latus. The test was conducted during the 
evening hours when the adults migrate 
out of their resting places in the woods and 
for several days thereafter the number of 
adults in the natural resting places was 
less than 10 per cent of the number 
present before the test. 

For this test, adult mosquitoes (75 per 
cent Anopheles quadrimaculatus, 25 per 
cent Culex) were trapped in cages and 
barrels posted at several different dis- 
tances along the line AB (Fig. 1) in the 
area under treatment. The cages were 
kept at ground level and in trees 6 to 7 
feet from the ground. The barrels were 
empty nail kegs (the open end of which 
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was covered with screen wire) placed at 
different angles with respect to the wind 
direction. Ten tree holes and rotted logs 
of various shapes and sizes were located 
in the treated area. Mosquito counts in 
these natural resting places, the relative 
positions of which are shown in figure 1, 
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swamp was located beyond the 1200-foot 
station.) Also a protective period (see also 
Residue Effects) against the natural popu- 
lation of 4 to 5 days was obtained. 
During the first check-up period, about 
4 hours after the test, the following mis- 
cellaneous insects were found dead mainly 


Table 7.—Caged mosquitoes results. Test H. July 18, 1944. 








PosITION 
Down WIinpD, 
FEet 


DurinG 
Run (a) 


DurRina 
Run (a) 


20 MIN. 
AFTER 


Run (a) 


40 Min. 
AFTER 
Run (a) 
AND 
START OF 
Run (b) 


Per Cent 
Mor- 
TALITY 
3 Hrs. 
AFTER 
TEST 








Time 05:40 06:05 


06:35 


06:55 





1400 Feet 


a) Under Tree 2 down 


1 down 


2 down | 


15 dead 
3 alive 








b) On the Tree 1 down | 7 down 


l up 


All down | 22 dead 
0 alive 








c) On Top of Pickleweed 2 down 





9 dead 
1 alive 


4down | lup 





d) Exceptionally well pro- 
tected under the Pickle- 
wr 


3 down 


2 dead 
3 alive 


1 down | 4 down 








1700 Feet 
a) Face Level 4 down 
b) Ground Level in 


5 down 
Pickleweed 


2 alive 
21 dead 
0 alive 





| 22 dead 








2400 Feet 
a) Face Level 


3 down | 5 down 





b) Ground Levelin Pickle- | 1 down | 2 down 


weed 





6 down 


| 13 dead 
| Oalive 
| 14 dead 
2 alive 


| 10 down | 











0 down 





Check Cages | 0 down 


| 0 down | 0 down | 0 down | 0 down | 





1 Those recorded as alive were down and affected with typical symptoms of DDT poisoning. 


were made before and after the test. High 
mortalities were evident in general in the 
test area during and immediately after 
the test (Tables 8 to 10). In these tables, 
‘“*A”’ represents Anopheles quadrimacula- 
tus, and “C” represents Culex. Check 
cages on ground and in trees showed no 
mortality at end of test and 5%-20% 
four hours after the test. 

The results clearly demonstrate that 
very effective control was obtained on the 
‘natural adult Anopheles quadrimaculatus 
population and on the trapped mos- 
quitoes of this species over all posted 
stations at a minimum distance from the 
line of generator operation. (A deep water 


up to the 600-foot station and on the 
water in larval pans: a wasp, a small 
beetle, a flea beetle, an ant-like beetle, leaf 
hoppers, midges, gall midges, a tachinid 
fly, a greenbottle fly, a robber fly, a 
horsefly, gall gnats, moths, a stink bug, 
an Aédes triseriatus, a spider and an ant. 

Since the distance over which these 
dead insects were found is much shorter 
than that over which mosquito control 
was achieved, it can be inferred that the 
lethal dose for these insects is greater 
than that for adult mosquitoes. Also, the 
location of a dead spider or a dead wasp 
here and there does not necessarily mean 
that practical control of these insects was 
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achieved. Instead it indicates that the 
proper use of the aerosol generator with 
the recommended dosage for mosquito 
control will not have a serious effect on 
“biological balance” of the insect world. 
Test J (August 28, 1944). As in Test I, 
this test was also successfully carried out 
against natural adult Anopheles quadri- 
maculatus population. The previous test 


Table 8.—Caged Anepheles quadrimaculatus 
results. Test I. August 24, 1944. 

















PosItTIoN 4 Hours arrer Test 
LOcATION 
ALONG THE No. of Mosquitoes 
Line AB PosITION 
(Fieure 1) or CaGe Dead Alive Mortality 
100 ft. Tree 18 0 100% 
Ground 20 0 100 
200 Tree 26 0 100 
Ground 10 0 100 
400 Tree 8 0 100 
Ground 20 0 100 
600 Tree 25 0 100 
Ground 9 0 100 
800! Tree 5 8 60 
Ground 10 7 60 
1100 Tree 12 1C, 1A 85 
Ground $1 4C 90 
1200 Ground 12 0 100 





1 This position was located at the far side of a road which cut 
across the test area. “‘Funnelling”’ of the aerosol cloud occurred 
po position and accounts for the comparatively low mor- 
was conducted over the period in which 
the adults migrated from their resting 
places. Test J was, however, conducted in 
the morning hours after the adults had 
returned to their resting places. The area 
chosen was about 2000 by 500 ft. and con- 
tained about 20 tree holes and rotted logs 
of various descriptions scattered through- 
out. As in the previous test, tree hole 
counts were made for several days prior to 
the test to establish a satisfactory, more or 
less constant, population. Down wind dis- 
tance of tree holes was up to about 700 
feet. 

Object: Control test on Anopheles 

quadrimaculatus natural population. 
Terrain: A lightly forested area. 
Operational conditions 

Length of front: 2200 feet 

Wind speed: 150 to 190 ft. per minute in the forest 

Inversion: Good to fair to poor 

Time of test: 07:10 to 08:10 

Emulsion used: 50 parts oil-50 parts water by 
volume, DDT content being 10 per cent of the 
oil by weight 

Dosage: 9 gallons of emulsion per 1000 feet of front 

Particle size: 6 to 14 microns diameter 


Entomological results: The data given in 
table 11 shows very satisfactory control 
(practically 100 per cent) and a protective 
period of 1 to 2 days was obtained on the 
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Table 9.—Results on Anopheles quadrimacu- 
latus mosquitoes trapped in barrels. Test I. 
August 24, 1944. 








4 Hours arrer Test 














PositT10oN 
LocaTIoN No. of Mosquitoes 
ALONG THE PosITION OF 
Line AB Open Enp Dead Alive Mortality 
100 ft. Facing Wind 100 0 100'% 
45° to Wind 100 0 100 
200 Facing Wind 66 0 100 
60° to Wind 75 0 100 
Closed End 
Facing Wind 4 0 100 
400 Facing Wind 97 0 100 
600 Facing Wind 43 0 100 
800 Facing Wind 50 7 90 
1100 Facing Wind 5 0 100 
Check Barrel 0 50 0 





natural population treated at a time when 
adults were present in their resting places. 

Adult Culex erraticus, which formed a 
small percentage of the population and 
were not counted prior to this or the previ- 
ous test, are somewhat more resistant 
than the adult Anopheles. 

Fretp Resutts III—DeposiTion AND 
Controt or Larvar.—There are three 
main factors tending to reduce concentra- 
tion and therefore vertical deposition as 
the aerosol cloud is carried further from 
the generator: 

1. Progressive deposition of particles 
on the ground, trees and shrubbery so 
that less and less of the toxic material is 
airborne. 

2. Dilution of the remaining airborne 
particles with air laterally, 7.e., che cloud 
fans out sideways as the wind carries it 
along over the ground. 

3. Dilution of the remaining airborne 
particles with air vertically, 7.e., the top 
of the cloud gets higher and higher. 

Deposition Measurements: Tests were 
made, when conditions permitted, of the 
variation in the amount of deposition 


Table 10.—Results on natural adult mosquito 
population. Test I. August 24, 1944. (All counts 
made under sunlight.) 














TREE 
NuMBER 
(Ser Fic- Arter Test 
URE 1 
FOR BEerore 12 2 
Position, TrEst Hours Days 4 Days 6 Days 
1 12-15A 1A 8A 0 2A 
2 100A 1A 3A 1A, 3C 2A, 3C 
3 15A 1c 1C 0 5A, 3C 
4 10A 5A,2C 6A 4A, 1C 6A, 2C 
5 10-12A 2c 1A SA, 8C 
6 25-364 0 0 0 1A, 1C 
7 15A 8C 8c 
8 SOA 1A 6A, 1C 8A, 1C 
9 15A 2c 2A 
10 10A 0 1A 
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Table 11.—Results on natural adult Anopheles 
quadrimaculatus population in tree holes. Test J. 
August 28, 1944. (All counts made under sun- 


light.) 








Number or MosquiTors 





2.5 Days 
after Test 


4.5 Hours 
after Test 


Before 20 Minutes 
Test after Test 


25A 2A, 1C 6A 
50A 15A 5A 
50A 2A, 3C 

380A 138A 

15A 1C 

25A 4A,1C 

SOA 

40A 

S0A 0 SA 
40A 6A, 4C 
18A 0 

50A 4A, 1C 
SOA 

60A 9A, 1C 
80A 2A,1C 
10A 

15A 

20A 

17A 








10A 
50A 50A 20-30A 

25-30A 30A 14A 
25A 20-25A 10A 


Tree holes 
1 40A 





1 Tree #1 was in the southwest corner of the test area and a 
few feet out of the aerosol. Other check tree holes were just up- 
wind of the test area. 
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with distance from the generator and 
where possible this data was correlated 
with kill of larvae. 

Method: Prior to the test, flat china 
plates, 420 sq. cm., and an oleophobic 
slide, were set out at measured distances 
down wind. Calco Blue Na, 2.5 or 5 per 
cent in the oil, was usually used as the 
tracer although two tests were made with 
Calco Oil Red N-1700. The use of this red 
dye was discontinued because of its ten- 
dency to decompose thermally. 

The solution of dye in oil deposited on 
the plates during the test was washed off 
using xylene and the resulting solution 
bottled and labeled. 

Standard solutions of the dye used were 
prepared so that 1 ml. of the standard 
contained 0.01 mg. dye and this concen- 
tration was again reduced if necessary. 

A Beaver-Klett colorimeter was used. 
The lower cups were filled with xylene in 
each case, and the solutions placed in the 
upper cups. The dye solution was diluted 
to a known measured volume, with in- 


Table 12.—Deposition Results of Tests K, B, and I. 








PARTICLE 
LenctH DIAME- 
OF TER 
FRONT, Mr- 
FEET CRONS 


WInp SPEED, 
FEET PER MINUTE 


INVERSION 


PARTICLE 
DIAME- 
TER Dr- 
MIcRO- POSITED 
GRAMS Or, ~Ma- 
Dis- SOLUTION TERIAL, 
TANCE, PER Mr- 
FEET Cm? CRONS 


Deposi- 
TION 


WIND 





Test K, Dense Forest: June 7, 1944 


100 Outside: 560-750. Fair 
At 275 ft.: Less 


than 10 


Fairly steady but 6 
variable at end of — 


test a) 
0 


Range 
4-20 


2-10 





Test B, Light-Dense Forest: June 16, 1944 


Outside: 0-120 Good 


Mass av. 
Variable over a 
90° range 


12-14 





Test I, Light Forest: August 24, 1944 


Less than 30 in 
forest 


Poor-Fair 


Mass av. 
10-16 
10-14 
10-12 

6-12 
10-12 


Variable 


























tensity close to that of the standard, and 
the two compared, using standard color- 
imetric procedure. 

The total amount of dye in milligrams 
per plate was determined, and from this 
the micrograms of oil-dye-DDT per cubic 
centimeter could be calculated. 

The slides were examined under a 
microscope for particle size. In a good 
number of tests, plates and slides were 
washed out by rain and difficulties were 
encountered in slide examination because 
of the irregular spreading of the oil drop- 
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Winsche’s results for various reasons. The 
wind speeds and directions in the field, for 
example, are, in general, variable so that 
comparison with figures based on a fixed 
wind velocity are difficult to make. Also 
the theoretical treated aerosol is com- 
pletely homogeneous which is, of course, 
not true of a practical aerosol. The per- 
tinent data summarized in table 13 how- 
ever, suggests that the distances over 
which the particles are airborne may be 
much greater in dense forest than the dis- 
tances indicated by the theoretical treat- 
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Fic. 2A.—Deposition in micrograms vs distance in feet. High pressure sprayer. 
One microgram equals 10~ gram. 
2B.—Deposition vs distance in dense forest. Test No. K. 
2C.—Deposition vs distance in a light-dense forest. Test No. B. 
2D.—Deposition vs distance in a light forest. Test No. I. 


lets on the oleophobic surface caused by 
the emulsifier used in the emulsion prep- 
aration. 

In several tests with larvae, dye was 
not used and in such cases mass concen- 
tration was determined from a micro- 
scopic mass count of the slide. 

The results of deposition tests in three 
different types of forests are given in 
table 12 and plotted in figure 2. The 
logarithm of the deposition against the 
distance down wind is a straight line show- 
ing that the amount deposited is ex- 
ponentially related to the down wind dis- 
tance. The deposition of particles from 
aerosol clouds is treated theoretically by 
Winsche (1944) based upon Sells (1931) 
deposition studies. The deposition data do 
not permit a direct comparison with 





ment. (No DDT was used in tests K, L, 
and M.) 

The apparent inconsistency of results of 
Tests K and B is, of course, explained by 
the much lower wind velocity in the forest 
in the case of Test B. 

Also involved in these questions are the 
relative degrees of inversion and the rela- 
tive meaning of “dense” and “light” for- 
ests. 

The deposition from a 2 micron aerosol 
(Test A) was found to be very light even 
in the dense forest with wind velocities of 
about 0.05 mi. per hr. The deposition ob- 
tained in this test was of the order of 10~ 
ug oil solution per square centimeter be- 
tween 150 and 700 feet down wind. 

Examination of microscope slides, 
placed at various distances down wind into 
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Table 13.—Comparison of experimental and theoretical deposition. 








Fre_p Resutts THEORETICAL TREATMENT 





Wind * 






















Velocity 
Particle Wind Velocity Particle Miles 
Terrain Test Slope Diameter Miles per hr. Slope Diameter _ per hr. 
Dense Forest K 0.030 6 outside forest 6-8; 275 ft. in- 0.083 8 1 
sideforest 0.1 0.5 8 0.1 
Light Forest I 0.019 10-14 inside forest 0.015 8 0.1 
0.05-0.3 
Light Dense B 0.054 6-8 outside forest 


Forest 


<0.05-<1.5 





the forests, for particle size shows that a 
10 micron aerosol is suitable for opera- 
tions in forests. Thus in dense forest (Test 
K) at 25 feet the particle size range was 
4 to 20 microns and at 475 feet it was 2 to 
10 microns. In a light-dense forest (Test 
L) the particle size range at 40 feet was 
4 to 26 microns and at 415 feet it was 2 to 
10 microns. In Test M (light-dense for- 
est), the mass average of particles on the 
slide at 40 feet was 20 microns and at 415 
feet it was 16 microns while in the same 
forest in Test B, the mass average of the 
particles on the slide at 415 feet was about 
13 microns. In the light forest (Test I) 
the mass average at 200 feet was about 13 
microns while at 1100 feet it was about 
11 microns. 

Opportunities for larval tests against 
salt marsh species (Aédes sollicitans and 
A. taeniorhynchus) were not abundant. 
Thus none of the areas treated in the 
Cocoa experimental grounds, including 
Sykes Creek marshes showed natural 
breeding during the periods in which the 
field tests were made. In two tests, how- 


ever, larvae of the species given above, 
were collected in pans (of the water basin 
type, 1 foot in diameter across the top) 
and these were placed at various distances 
down wind. About 200 larvae were placed 
in each pan. Slides, later examined for 
quantity of aerosol deposited, were placed 
alongside of the pans. The results given in 
table 14 show that a deposition of 0.002 
Ibs. DDT per acre will produce 50 per 
cent kill within 18 hours after treatment. 

Larval tests against Anopheles quadri- 
maculatus indicate that depositions of the 
order of 0.001 Ibs. DDT /acre will effect 
95 to 100 per cent control within 12 hours 
after treatment. This is shown by the re- 
sults of Tests I and J as discussed below. 
Excellent control against A. quadrimacu- 
latus was obtained in the lotus swamp 
area in Buckeye Swamp (Test QO). 

Test O (August 21, 1944). This was a 
test against the natural population of 
Anopheles quadrimaculatus larvae in the 
heavily vegetated (lotus covered) Buck- 
eye Swamp. During the two days prior to 
the test the swamp waters were system- 


Table 14.—Results against larvae of Aédes sollicitans and A. taeniorhynchus. 200 larvae per pan. 

















Down 
WIND Per Cent Mortatity 
Dis- Deposit Hours Arter TEst 
TANCE, Las. DDT 
Test No. TERRAIN FEEt PER ACRE 1.5 4 12 18 
N Dense Forest 25 0.084 100 100 
125 .049 100 














Cc Light-Dense Forest 225 0.064 100 100 
460 .025* affected 90 
600 . 00385 
840 .0019 affected 














Checks: Both tests: 





0 0 0 0 








* Extrapolated. 





















in 
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atically dipped by 5 observers and a uni- 
form population of A. quadrimaculatus 
larvae established at a rate of 1-2 per dip; 
C. erraticus averaged 1-5 per dip. The 


swamp was also systematically examined . 


after the test. 
Operative conditions 

Length of front: 1000 feet, A to C on figure $ 

Wind speed: Variable—100 feet per minute 

Inversion: Very good to good 

Time of test: 05:50 to 07:50 

Particle size: 12 to 14 micron ciameter 

Emulsion used: 50 parts oil-50 parts water by 
volume; DDT content being 10 per cent of the 
oil by weight 

Dosage: 30 gallons of emulsion per 1000 feet of 
front, but the wind direction was quite variable. 
The wind was variable easterly and southerly; 
occasional northerly and north-easterly winds 
were present. 


Results: Eight and one-half hours after 
the test, search for larvae was conducted 
across the swamp directly north of the 
generator run and from point C (Fig. 3) 
to 2500 feet west. During this search one 
Anopheles quadrimaculatus larvae was 
found. Twenty-four hours later, the sys- 
tematic search for larvae in the swamp 
was continued and extended. The follow- 
ing numbers of A. quadrimaculatus were 
obtained over the indicated distances 
covered (Fig. 3): 


From Point C to 2300 feet west 3 
From 2300 west to 2600 feet west 3 
From 2360 west to 2800 feet west 1 
From 2800 west to 3200 feet west 0 


(Note: These are the numbers found: not the aver- 
age number per dip) 

This constitutes practically 100 per 
cent control of the natural population of 
Anopheles larvae over the area covered. 
Also a pool of larvae located about 3000 
feet west-northwest of point D (Fig. 3) 
was found free of larvae. Previously (up 
to the day before the test) this pool was a 
very good source of Anopheles larvae. 

Seven days later, a survey of the 
treated swamp showed only first and 
second instar larvae; the number being 0 
to 8 per dip. This indicates a residual 
toxicity to larvae of from 4 to 5 days 
duration. 

Excellent control was obtained against 
Culex erraticus in the lagoon between 
point C (Fig. 3) to 1800 feet west. 

Test I (Description of terrain and opera- 
tional conditions previously given). Dur- 
ing this test, Anopheles quadrimaculatus 
larvae in pans were located at each of the 


posted stations. The results given in Table 
15 show that practically 100 per cent con- 
trol was obtained against the larvae up to 
a minimum of the 1100-foot station. 

Test J (Description of terrain and oper- 
ational conditions previously given). The 
results of this test indicate that deposi- 
tions of the order of 0.0001 Ib. DDT per 
acre or less, effect little, if any, control of 
larvae of Anopheles quadrimaculatus. 


8 
2200 » feet 


2ooo | 
Woods 


o_o eee > OTe 
{400 


Heavily Vegetated Swamp 
900 
ee nena 
— an Woods 
30a, 
004 
4 


Heavily Vegetated Swamp 








LY) G 
South 
Fie. 3.—Area map for test No. O. 


Fretp Resutts IV—Contro.t oF 
Pupar.—With dosages used in these field 
tests for control of adults and larvae con- 
trol of pupae is negligible. Thus in Test C 
(Table 14), pupae at all positions were 
only slightly, if at all, affected. It is inter- 
esting to note however, that several 
pupae at position No. 4 died and about 10 
of the emerging adults drowned before 
being able to “take off.” All emerging 
adults in the control pans were successful 
in their ‘take off.’ In Test I (Table 15) 
two pupae, in the larva pan at the 200- 
foot position, were definitely sick 12 
hours after the test. But 24 hours later 
one was dead and the other successfully 
emerged. 

ResmpuaL AND REPELLENT EFrects.— 
The campaign against the mosquito must 
be confined, by necessity, to the clearing 
of specific areas. After a given area has 
been cleared, there will be a more or less 
rapid migration of mosquitoes from the 
outlying untreated areas into the cleared 
section. The ideal treatment would be one 
which kills not only all adults in the 
treated area at the time of treatment but 
also those which subsequently migrate 
into that area. This means rendering the 
area treated more or less permanently 
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toxic by deposition of sufficient quantities 
of aerosol upon the ground, logs, foliage, 
etc. 

The toxic material so deposited can act 
only by contact with the mosquito when 
it lights upon a surface on which droplets 
of the oil solution of the toxic agent have 
been deposited. The vapor pressure of 
DDT is so low that there can be no kill on 
the wing from vapor. 

With the dosages used in these reported 
tests, residual toxicity as was to be ex- 
pected, is negligible. 
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posited are too smal] to render the treated 
area toxic to infiltrating mosquitoes. The 
absence of any repellent effect was demon- 
strated in the following experiment: 

After the 4-hour check period in Test I 
the four barrels, at positions 100, 200, 
400, and 600 feet wherein 100 per cent 
mortality was obtained (Table 9) were 
set out at 03:00 hrs. near Blackwell 
Swamp (the screens, of course, were re- 
moved from the barrels). At 10:15 hrs. the 
barrels were inspected and the following 
counts made: 


Table 15.—Results on Anopheles quadrimaculatus larvae in pans. Test I. August 24, 1944. 








Hours AFrrer TEST 





Las. or DDT 
PER ACRE 


PosiTIon 
LocaTION 


4 Hours 
No. of Larvae 


12 Hours 
No. of Larvae: 





DEPOSITED 
ON SLIDE 


ALONG THE 


Line AB Dead Alive 


Mortality Dead Alive Mortality 





100 ft. 10 
200 0.038 15 
400 .017 10 
600 .0069 8 
800 -0011 13! 
1100 .0013 22 


100% 
100 
100 


160% 
100 
100 
100 100 
100 100 
90 95 





Check 0 


0 





1 One Columbiae larva in pan dead. 
? One of these two is Uranotaenia sapphirina. 
3 Apparently dying. 


The only test made for residue effect 


was discussed under Field Results I 
(Test B) and also under Deposition and 
Larval Control. 

An area infested with salt marsh mos- 
quito remains clear for only several hours, 
unless the area treated is very large, or the 
dosage so large that enough material is de- 
posited (1 Ib. per acre of DDT) to kill 
infiltrating mosquitoes. On the other 
hand, an area cleared of Anopheles 
quadrimaculatus may remain free for 
several days (Tests I and J) because of 
their comparatively slow rate of infiltra- 
tion. The duration of this protective peri- 
od depends upon the extent of the treated 
area and probably upon the proximity of 
breeding holes to the treated area as well 
as other factors. ; 

It is to be emphasized that the protec- 
tive periods obtained in these two tests 
against Anopheles quadrimaculatus was 
not due to a deposited toxic residue nor to 
any “repellent effect” of the deposited 
aerosol. In the first case, the amounts de- 


Barrel from Position Number of Mosquitoes Resting 


100 ft. 50 

200 100+ 
400 100+ 
600 300+ 


Hence residual or repellent effects are 
negligible. 

Errect or DDT Arrosont on PER- 
SONNEL.—The four Columbia University 
field workers who conducted the experi- 
ments in Florida and Alabama, May 1 to 
August 28, were carefully examined by 
the U. S. Public Health Service at 
Bethesda, Md., before and after this 
period. Reports show no ill effects. 

NeaativE Trsts.—Three tests were 
cancelled by mechanical difficulties of 
such a nature that they could be elimi- 
nated from a_ professionally designed 
generator. : 

Seven tests were cancelled by highly 
variable winds or winds for which no field 
preparations could be made. The method 
of operation is, however, so efficient, 
compared to standard spray methods of 
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control, that even with delays brought 
about by adverse meteorological condi- 
tions, the number of acres covered per 
man-hour will be greater. Of course, no 
method which aspires to cover large areas 
in a single treatment will be completely 
independent of meteorological conditions. 

One test was cancelled because of the 
absence of a sufficient number of adult 
mosquitoes. Another test was rained out 
because the personnel and equipment was 
not sufficient to warrant operation under 
such conditions; however, ordinary rains 
do not interfere with operations. Another 
test was cancelled because the generator 
carrier, an ordinary rowboat, developed 
a serious leak. 

Conc.iusions.—Aerosols formed by dis- 
persing oil containing DDT can be ef- 
fectively employed in the field for mos- 
quito control operations. Aerosol treat- 
ment will kill adult Anopheles in tree 
holes, hollow logs and other natural rest- 
ing places. The method should prove ap- 
plicable to general insect control. 

A dosage of 15 gallons, of 50 parts oil- 
50 parts water emulsion, by volume, and 
containing an amount of DDT equal to 
10 per cent of the weight of the oil, per 
1000 feet of front will give effective adult 
control up to about a mile down wind in 
open country under favorable meterologi- 
cal conditions and to about 1000 feet in 
forested areas. In recommending a fixed 
dosage of 15 gallons per 1000 feet, it was 
assumed that for practical purposes the 
extent of control would be independent of 
wind velocity. This was confirmed later in 
wind tunnel experiments, to be reported 
separately, when the particle diameter 
was of the order employed in these tests. 

This dosage will produce practical 
larval control up to about 2000 feet in 
open country and from 500 to 1000 feet 
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in forested areas. 

For control of adults, a 10-micron di- 
ameter aerosol can be used regardless of 
wind velocity and terrain. For control of 
larvae, however, the particle size should 
be increased for winds of 3 or greater 
miles per hour (except, of course, for con- 
trol in forested areas where 10 microns 
must be used to obtain penetration). 

Operations should be carried out under 
meteorological conditions wherein the 
cloud remains close to the ground since 
insects to be controlled are to be found, 
in general, within 15 feet from the ground. 

The time and mode of treatment 
should be selected with reference to the 
habits of the species to be controlled. 

Residual effects are negligible for the 
recommended output of 15 gallons per 
1000 feet given above but a significant 
protective period may be obtainable with 
short flight mosquitoes. 

The lethal dosage varies considerably 
for different insects and the above recom- 
mended dosage will not kill “‘all insects.” 
The recommended dosage did not harm 
the fish of Sykes Creek, Florida. 

A local deposition of the order of 0.002 
Ib. DDT per acre will produce 50 per 
cent kill on the larvae of Aédes sollicitans 
and Aédes taeniorhynchus within 18 
hours after treatment and depositions of 
the order of 0.001 Ib. DDT per acre will 
effect 95 to 100 per cent control of larvae 
of Anopheles quadrimaculatus within 12 
hours after treatment. 
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Particle Size of Insecticides and Its Relation to 
Application, Distribution, and Deposit 
S. F. Porrs, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Recent developments in the application 
of insecticides in the form of smokes, 
liquefied-gas aerosols, and finely atomized 
sprays, with equipment operated from the 
ground and from aircraft, have attracted 
attention to the significance of particle or 
droplet size as a factor in determining de- 
posit, distribution, and effectiveness of 
dusts and concentrated sprays. Under 
field conditions extremely minute indi- 
vidual particles of finely ground dusts, in- 
secticidal smokes, finely atomized aero- 
sols, and concentrated sprays are not de- 
posited on the surface of plants, insects, 
and other objects. Apparently such ob- 
jects are surrounded by a film, or field of 
resistance, the nature of which is not 
known and through which minute parti- 
cles cannot penetrate. An electric field 
around such objects may possibly cause a 
repulsion of minute particles. Micro- 
climatic conditions caused by differences 
in temperature, humidity, and weight of 
air near such objects produce air currents 
which carry away minute particles. De- 
posit is particularly light on warm, sunny 
days, and often there is a difference in 
temperature of as much as 10 Fahrenheit 
degrees between the sunny and shady 
sides of a leaf. Less deposit has been noted 
on the underside of cup-shaped or crimped 
leaves than on the upper surface. 

Larger individual particles, whether 
dry or liquid, as well as groups or ag- 
glomerates of small dust particles, are 
heavy enough to penetrate the film of re- 
sistance and make contact with the sur- 
face of leaves, insects, and other objects. 

Dusts.—A series of studies conducted 
from 1926 to 1935 brought out the follow- 
ing conclusions concerning dusts: 

Small individual dust particles do not 
give a good deposit. Dust clouds consist 
of mixtures of individual particles and 
groups, which may be composed of 25 to 
300 individual particles (Potts 1940). 
Such groups of dust particles may settle 
on a surface, but do not adhere well. After 
dust is expelled from a blower, these 
groups of particles do not tend to break up 
nor do the individual particles in the cloud 
tend to coalesce. 


Dust particles of heavy substances, 
such as barite, deposit somewhat better 
than do particles of light materials, such 
as derris, although from the standpoint 
of deposit the weight of the individual par- 
ticles of a material is not so important 
as the presence of agglomerates in the dust 
cloud. 

Proportionately more dust is deposited 
from a cloud of heavy dust expelled from 
a blower at a low velocity than from a 
cloud of light dust expelled at a high ve- 
locity and with a large volume of air. 

Dust applied at a high velocity pene- 
trates the resistant film around objects 
near the blower and deposits on them; 
however, at several feet from the blower 
the effect of high initial velocity is lost. 
This explains, in part, why ground equip- 
ment may never be very effective in dust- 
ing trees. 

The fineness of a dust, as indicated on 
the package or container, is not a criterion 
of its depositing qualities. The following 
insecticides are listed in descending order 
of the proportion of dust deposited on the 
foliage: Sulfur, lead arsenate, derris and 
cube, pyrethrum, and cryolite. Sulfur par- 
ticles are fairly large, as compared with 
those of the other materials. Lead ar- 
senate particles are heavy and very fine 
(mostly less than 2 microns in diameter), 
but when applied this material forms 
groups of particles. Derris, cube, and 
pyrethrum dust particles are light and 
coarse. Cryolite dust has a greater tend- 
ency than most materials have to break 
up into individual particles upon applica- 
tion. It gives a lighter deposit than lead 
arsenate, but the deposit can be consid- 
erably increased by adding 10 or more 
parts of pyrophyllite to each part of 
cryolite. 

Dust swaths applied by aircraft are 
often several hundred feet wide but their 
effective width is seldom more than 40 to 
60 feet, the effectiveness being confined 
mostly to that part of the swath where a 
deposit of agglomerates, or particle 
groups, exists. 

The failure to control insects with dusts 
is due to light deposit and poor adher- 
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ence, rather than to small quantity of 
material or small number of particles ap- 
plied. Even when a dust having a particle 
diameter of 0.5 to 2 microns is applied at 
the rate of 1 pound per acre, although 
thousands of particles per square millime- 
ter of surface might be available, insect 
control might not be obtained. 

AIR-MIXED, Ort-coaTED Dusts.—When 
a cloud of finely atomized dust is mixed 
with a cloud of finely atomized oil, in the 
absence of pressure or vacuum, there is 
little tendency for the oil particles to co- 
alesce with the dust particles and only a 
small percentage of the dust particles are 
coated with oil. It seems possible that at 
least the smaller particles may actually 
repel each other. On the other hand, when 
an oil or other liquid is atomized by the 
force of a stream of compressed air (15 
pounds pressure or more) which contains 
the dust, a fairly good coating is ob- 
tained. A considerable amount of dust 
can be coated if the liquid is finely atom- 
ized with high-velocity (150 to 300 m.p.h.) 
air from a blower. The coated particles 
coalesce into groups and adhere to foliage 
better than do ordinary uncoated dust 
particles 

CONCENTRATED Sprays.—The failure 
of dusts to deposit and adhere satisfac- 
torily on foliage has led to the develop- 
ment of highly concentrated insecticidal 
sprays and the application of these con- 
centrates as finely atomized mists. This 
method permits coverage with a lower vol- 
ume per acre. Although fine atomization is 
necessary to obtain adequate distribution 
with low rates of application, the droplets 
must be large enough to give a satisfac- 
tory deposit on foliage and insects. There 
is little deposit of droplets less than 20 
microns in diameter; in fact, very few are 
deposited unless their diameter exceeds 
30 microns. The initial deposit of finely 
atomized sprays is several times as great 
as that of dusts. The loss of deposit caused 
by rain and wind makes the difference be- 
tween dusts and atomized sprays even 
more pronounced in favor of the sprays. 

Factors AFFECTING PARTICLE OR 
Droptet S1ze.—The numbers of droplets 
of given size that would be deposited per 
square millimeter and per square inch 
(645 square millimeters) by the distribu- 
tion of 1 gallon of spray (3,785,000,000,- 
000,000 cubic microns) uniformly over a 
surface of 1 acre are shown in table 1. A 
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droplet diameter of 40 to 70 microns 
would result in a deposit of 17,931 to 
3,354 droplets per square inch, and a di- 
ameter of 80 to 100 microns, a deposit of 
2,157 to 1164 droplets per square inch. 
The writer believes that for the applica- 
tion of concentrates sprays with ground 
equipment the optimum range for diame- 
ter of droplets should be about 30 to 80 


Table 1.—Size and number of droplets de- 
posited per unit area by distributing 1 gallon of 
liquid uniformly over a surface of 1 acre.! 
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1 Equivalent to 934,568 cubic microns of liquid per square 
millimeter. 
microns and for aerial application about 
70 to 100 microns, both depending on the 
density and type of the insecticide, the 
volatility of the carrier, the plant growth, 
the kind of insect, the type of distributing 
device, and the atmospheric conditions. 
Under certain circumstances, which are 
discussed later in this paper, the droplet 
size for aerial application should be con- 
siderably greater. It will be seen in table 
1 that a slight change in diameter changes 
the volume and number of droplets mate- 
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rially. For example, when the diameter is 
20 microns, there are about 8 times as 
many droplets as at 40 microns diameter; 
nearly 16 times as many at 40 microns di- 
ameter as at 100 microns; and about 125 
times as many at 100 microns diameter as 
at 500 microns. At 50 microns diameter 
there are about as many droplets in 1 
gallon of mixture as in 143 gallons when 
the diameter is 260 microns. In any spray 
pattern there are proportionately a great 
many more small droplets than large ones, 
but the greater volume of spray is in the 
larger droplets. 

When slowly volatile or nonvolatile oils 
are finely atomized, the droplets on an ob- 
ject tend to coalesce to form a continuous 
film over the exposed surface. When the 
oil is spread evenly, approximately 1 gal- 
lon per acre of leaf surface is ordinarily 
required to form a continuous film. Better 
control of spider mites and such insects as 
thrips, aphids, and snout beetles is ob- 
tained with droplets of smaller size than 
are needed for large insects and gross 
feeders. Many first-instar aphids are only 
0.6 square millimeter in size. A white pine 
weevil adult makes a 0.8-millimeter hole 
in the bark in the process of feeding, and 
1,000 or more droplets of lead arsenate 
concentrate are required per square inch 
of bark to effect good control, because fe- 
male weevils must be killed quickly before 
they lay eggs. For many gross feeders a 
much smaller number of droplets having a 
diameter of 150 to 300 microns would be 
adequate. 

Wetting agents in sprays containing 
water reduce the droplet size 30 to 50 per 
cent. Droplet size is an important factor 
to be considered in studies of foliage in- 
jury. The danger of injury is lessened with 
a decrease in droplet size and in the quan- 
tity of phytotoxic ingredients applied per 
acre. If the wetting agent is phytotoxic, 
it is better to use as little of it as possible 
and to reduce the droplet size by mechani- 
cal means. 

The area of foliage per acre to be cov- 
ered governs to a considerable extent the 
volume of spray required. The amount, 
however, is also dependent on the degree 
of atomization produced by the distribut- 
ing apparatus. Consequently, the finer the 
atomization the less spray will be required 
to cover a given area of foliage, except 
that if the atomization is too fine there 
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will be very little deposit. With less vol- 
ume and finer atomization it is necessary 
to increase the concentration of the spray 
mixture to obtain adequate dosage. 

In concentrates containing water the 
droplets tend to flatten out when they 
strike the surface of a leaf. The increase in 
diameter caused by spreading ranges from 
very little to approximately 300 per cent, 
depending on the size of the droplet, the 
type and amount of wetting agent used, 
and the extent to which the particles dry 
out before reaching the foliage. Oil drop- 
lets may increase to from 10 to 15 times 
their original diameters, depending on the 
type of leaf surface, the droplet size, and 
the viscosity of the oil. Spreading is even 
greater on glass plates than on leaves. 

APPLICATION OF SPRAYS WITH GROUND 
EquiepMENT.—Other things being equal, 
the distance over which blowers can drive 
a cloud of finely atomized spray mist is 
directly related to particle size. In 1940, at 
Gulfport, Miss., a 5-horse power blower 
with atomizing nozzles set in the dust- 
outlet tube was used to apply a fine spray 
of droplets 60 to 80 microns in diameter 
and a coarse spray with droplets 300 to 
400 microns in diameter. The finer spray 
was driven a horizontal distance of about 
150 feet, whereas the coarser spray could 
be driven only 20 to 40 feet. The finer 
spray could have been driven vertically 
a distance of 40 feet with this blower. 
With specially designed equipment it 
would seem possible to drive finely atom- 
ized spray to considerably greater heights 
where there is no wind movement. 

Under suitable conditions the blower 
used at Gulfport was capable of drifting a 
cloud of dust horizontally about 250 feet, 
but beyond the first 20 feet there would 
not have been a deposit adequate to con- 
trol insects. The droplets in the fine spray 
mist driven by this blower, however, were 
deposited for a distance of fully 100 feet 
in sufficient quantities to give good con- 
trol of insects. Recent experiments indi- 
cate that a machine of this design could 
be used effectively for treatment of certain 
broadcast crops by covering 100-foot 
strips, thus avoiding considerable crop 
damage that might be caused by usual 
methods of treatment. 

AERIAL APPLICATION OF SpRAYS.—In 
the application of liquid sprays from air- 
craft the size of droplets greatly affects 
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the width of the swath covered, the dis- 
tance the spray cloud will drift, the set- 
tling rate, the penetration of the ground 
cover, and other factors. Measurements of 
droplet size and width of swath were made 
at Whitesbog, N. J., in 1937, when an au- 
togiro was used for applying two concen- 
trated sprays. In these tests lead arsenate 
spray, with and without a wetting agent, 
and pyrethrum extract in kerosene were 
used. The spray mixtures were atomized 
by being spun off from rotating disks. 
They were applied at the rate of 3 gallons 
per acre. 

When released 20 feet above the ground 
or 20 feet above the treetops, the lead ar- 
senate spray that contained no wetting 
agent covered a swath 75 feet wide. The 
average droplet size was calculated by 
dividing the total deposit per given area, 
as found by chemical analyses, by the 
number of droplets. There were 215 drop- 
lets per square inch on plates placed on 
flat ground and 48 droplets per square 
inch on foliage in a sprayed woodland. 
The diameter of the droplets averaged ap- 
proximately 240 microns. The addition of 
a wetting agent reduced the droplet di- 
ameter to about 200 microns and in- 
creased the width of the treated swath to 
90 feet. With the pyrethrum extract-kero- 
sene spray a swath about 100 feet wide 
was treated, the droplets being somewhat 
smaller and lighter than those in the lead 
arsenate spray mixture. 

In aerial application the use of a larger 
droplet is necessitated by wind, upward 
air currents due to heat radiation, layers 
of heavy, humid air above the treetops, 
and small irregular areas and rugged ter- 
rain. Low flying over large areas of level 
terrain makes practicable the use of 
smaller droplets, and therefore lower gal- 
lonage, at lower costs. For low flying over 
crops it might be practicable to use aver- 
age droplet sizes as small as 60 to 70 
microns. Except where it is necessary to 
kill insects under heavy canopy, larger 
droplets would be preferable for the treat- 
ment of forested areas. 

Droplets of high specific gravity (1.3 to 
1.6) can be deposited in smaller sizes than 
those of lower specific gravity (0.8 to 1.0). 
For droplets with a specific gravity of 
1.0, and of various diameters, the time 
required to fall 50 feet, in ordinary still air 
at a temperature of 23° C., is as follows: 
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D1ameter (Microns) Time 


200 13 seconds 
100 51 seconds 
1.3 minutes 
3.4 minutes 
5.2 minutes 
21.0 minutes 

1.4 hours 

5.5 hours 

5.0 days 


Upward or downward air currents will 
change the rate of rise or fall, but wind 
velocity does not alter it (Miller 1935, p. 
160). The rate of fall of droplets of dif- 
ferent sizes was computed by Stoke’s law. 
Other things being equal, the smaller the 
droplets and the longer they float in the 
air the greater the evaporation and drift. 
Temperature, humidity, wind velocity, 
and chemical characteristics also affect 
evaporation and drying of the particles. 
Considerable evaporation reduces the size 
of the drops and makes them fall more 
slowly and drift farther. Some increase in 
size and weight of falling particles has 
been obtained by the addition of Yumidol 
(a hygroscopic hexahydric alcohol). Phos- 
phorus pentoxide, magnesium chloride, 
and calcium chloride particles greatly in- 
crease in size and weight as they float in 
the air, but when mixed with an insecti- 
cide these chemicals cause injury to some 
kinds of foliage. 

The distances that a droplet 100 
microns in diameter and having a specific 
gravity of 1.0 would drift while falling 
50 feet in air moving parallel to the ground 
are as follows: 


Mites rer Hour Feet 


0.25 22 
0.5 45 
87 

175 

265 

348 

435 

1 765 


A droplet 200 microns in diameter 
should drift practically one-fourth and a 
10-micron droplet about four times the 
distances given. 

Smoke Arrosors.—In 1930 and 1931 
field tests were made with smokes con- 
taining arsenicals, oil, rotenone, pyre- 
thrum, and nicotine, Practically no par- 
ticles in the smoke aerosol cloud were 
deposited, nor was any appreciable mor- 
tality of insects obtained. In some cases 
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the insecticide broke down on account of 
heat. Smoke particles range from 0.3 to 
2 microns in diameter and are not smaller 
than many particles of lead arsenate and 
calcium arsenate dusts.' Smokes differ 
from dusts, however, in that the particles 
in a smoke cloud move as individual, un- 
attached particles, whereas in a dust cloud 
the particles often occur in groups. Indi- 
vidual dust particles less than 35 microns 
in diameter cannot be seen on slides or on 
foliage with the unaided eye, but groups 
of dust particles can readily be seen with- 
out magnification. 

LiqueFieD-Gas Arrosots.—In lique- 
fied-gas aerosols the gas, such as Freon-12 
(dichlorodifluoromethane) or methyl 
chloride, comprises from 40 to 90 per cent 
of the aerosol solution. When released, the 
liquefied gas volatilizes quickly and the 
droplets immediately become smaller. 
Any further reduction in droplet size de- 
pends on the solvent and the volatile in- 
gredients in the solution; therefore the 
droplet diameter could be the same as in 
mechanically atomized sprays containing 
the same solvent. 

For application of liquids very small 
droplets, 4 to 40 microns in diameter, can 
be obtained by atomizing either with 
liquefied gas or with mechanical atomizing 
equipment. Suspensions of solid particles, 
such as cryolite and lead arsenate, can be 
applied with mechanical atomizing equip- 
ment, but not with liquefied gas. To de- 
posit on the foliage the same number of 
droplets of given size by liquefied gas as 
by the mechanical method, it is necessary 
to apply a larger volume of liquid, the 
quantity depending on the proportion of 


1 During the last several years members of the Division of 
Insecticide Investigations of the Bureau of Entomology and 
Plant Quarantine, notably E. L. Gooden, L. D. Goodhue, 
C. M. Smith, and R. H. Carter, have done a great deal of work 
in determining the size of insecticidal-dust particles. 
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liquefied gas in the solution. 

SumMary.—Particle size is an impor- 
tant factor in determining deposit, dis- 
tribution, and effectiveness of dusts and 
concentrated sprays. A field of resistance 
surrounds all objects, including plants and 
insects, and repels most individual dust 
particles of small size, as well as droplets 
smaller than approximately 30 microns in 
diameter. 

Ordinary dust clouds consist of a mix- 
ture of individual particles and agglom- 
erates of many particles attached to- 
gether. If the particles are small, the de- 
posit on insects and plants consists almost 
entirely of agglomerates. 

Dust particles may be coated in the air 
by small droplets of oil, if the mixing takes 
place either in a vacuum or under pres- 
sure. 

Fine atomization is necessary to obtain 
adequate distribution with low gallonage, 
but the droplets must be large enough to 
deposit on foliage and insects. Apparently 
for ground application most of the spray 
should be in droplets 30 to 80 microns in 
diameter. For aerial application most of 
the droplets should be 70 to 100 microns 
in diameter if the areas are large and flat, 
and as large as 100 to 300 microns for the 
control of certain forest insects on rugged 
terrain. 

The number ot droplets of given size 
that would be deposited per unit area per 
gallon of liquid distributed on acre of sur- 
face is presented. 

Other factors affecting particle or drop- 
let size are type of distributing device, 
concentration, density, and type of insec- 
ticide, rate of volatilizaton of the ingredi- 
ents, distance to which the particles must 
be drifted, wind and other meteorological 
factors, volume and compactness of foli- 
age, and settling rate. 
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Dr. Richard B. Eads has sent in a new address— 
College Station, Texas. Just what Dr. Eads present 
connection is, was not indicated in the communica- 
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Protection of Mohair Fleeces in Storage from 
Moths by Dipping Goats before Shearing’ 


E. A. Back, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The problem of treating animal fibers, 
especially wool and mohair, so that they 
will remain resistant to insect attack has 
been given much attention by experi- 
menters during the past 25 years. The 
chief interest of the experimenter, of the 
manufacturer, and of the public, has been 
in making clothing, or the yarns from 
which the fabrics are woven or knit, moth 
resistant. Mothproofing treatments have 
been given, either as a part of the manu- 
facturing process or by public service 
firms, to the finished fabric, such as carpets, 
blankets, upholstery, and clothing. 

Practically nothing has been done to 
render animal fibers moth resistant during 
that period between shearing and the 
manufacturing processes. During this 
storage period the wool or mohair is sub- 
ject to moth attack, especially by the 
clothes moths Tineola bisselliella (Hum.), 
Tinea pellionella L., and more rarely by 
Tineola columbariella (Wocke). In normal 
times most American wool and mohair 
fleeces are consumed in trade channels in 
about 2 years after shearing and, while 
moth damage often occurs, it is not con- 
sidered as excessive. However, every ento- 
mologist having wide experience with the 
calls for assistance from farmers, wool 
dealers, and manufacturers, who must 
hold stocks of animal fibers, realizes that 
the losses caused by insects during the 
prefabrication stage are persistent - and 
sometimes ruinous. Government owner- 
ship of wool and mohair during the war 
years has emphasized the benefits that 
would be derived if some treatment could 
be given fleeces to keep them reasonably 
safe from moth attack from the time they 
are sheared from the animal until they 
enter the manufacturing process. 

It does not seem practical to treat 
fleeces after they are removed from the 
animal and before manufacture. They are 
crammed into burlap sacks, or baled, and 

‘if they get wet it is an expensive operation 
to dry them out. Fumigation of storage 
warehouses has been resorted to, along 
with the use of naphthalene and paradi- 


1 From Eastern Branch Program, New York, 1945. 


chlorobenzene. Contact sprays have given 
only temporary relief and do not get at 
the seat of the trouble. Storage conditions 
often make ordinary control ineffective. 

In connection with the Bureau of Ento- 
mology and Plant Quarantine’s treatment 
of Angora goats in Texas by dipping to 
control lice and ticks, several dips con- 
taining DDT were used with very promis- 
ing results by Henry E. Parish. Animals 
dipped on March 27, August 26, and 
August 31, 1944 were sheared in each 
case 4 days after dipping. The fleeces were 
sent to Washington for testing to deter- 
mine the resistance of the mohair to 
moth attack. 

Fleeces from animals dipped in three 
solutions were forwarded for testing. Dip 
No. 1 contained DDT 20 per cent, diethyl 
phthalate 35 per cent, Triton 720 (sodium 
salt of an aralkyl polyether sulfonate) 20 
per cent, and water 25 per cent. Dip No. 2 
contained 1 part of DDT and 5 parts of 
soluble pine oil (Navy Specification C.S. 
69-38). Both these dips were diluted with 
water so that the solution as used on the 
animals contained 0.2 per cent of DDT. 
The third dip was made by mixing 10 
pounds of wettable sulfur with 100 gallons 
of water. As checks, mohair sheared from 
untreated animals and mohair sheared 
and scoured about 10 years ago was used. 

Forty tests of mohair sheared from 
animals dipped March 27 and sheared 
April 1, 1944, were run between July 20 
and September 15, 1944. During the prog- 
ress of these tests the accumulation of 
frass was so meager that it was considered 
negligible and was unfortunately not 
weighed. These tests, however, were re- 
peated during the period from September 
22 to December 31, 1944, and February 3 
to March 7, 1945, with results recorded in 
table 1. For test insects the black carpet 
beetle, Attagenus piceus (Oliv.), and the 
furniture carpet beetle, Anthrenus voraxr 
Waterh., were used.? 


2 Testing laboratories have elected to use Attagenus piceus as 
the most satisfactory insect for determining “moth resistance.” 
Carpet beetles are easily handled and A. piceus is readily avail- 
able. Fabric resistant to carpet beetles is resistant to clothes 
moths, although the o ite may not be true. While Tineola 
bisselliella (Hum.) and Tinea pellionella L. are the most trouble- 
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Table 1.—Resistance to insect attack of mohair 
fleeces from animals variously treated, as indi- 
cated by the weight of the frass; 25 insects used 
in each test. 








AVERAG# FRass 
WEIGHT, IN 
NUMBER MILLIGRAMS 
or TEsTs 
PER 


SPECIES 





Attagenus Anthrenus 
piceus vorax 


. 22 to Dec. 31, 1944 

DDT dip No. 1 20 3.7 

DDT dip No. 2 10 

Check, scoured 6 109.2 
Feb. 3 to March 7, mas 

DDT dip No. 1 20 

DDT dip No. 2 15 

DDT dip No. 2 20 

Sulfur dip 20 

Check, as sheared 10 

Check, scoured 5 


TREATMENT 


Sept 





2 
oso 
2 open Sn. 
Oe FOOD CO hs 





1 Average based on 8 tests. 
2 Average based on 2 tests. 


There are various methods of evaluat- 
ing the results of tests to determine moth 
resistance of animal fibers. In table 1 the 
weight of the frass has been chosen to indi- 
cate this resistance. A study of many tests 
of fabrics treated with mothproofing solu- 
tions has resulted in the belief that when 
less than 11 to 18 mg. of frass accumulates 
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during a petri-dish test using 25 insects 
the resistance imparted to the material is 
excellent. The average weight of frass per 
test of mohair from animals dipped in a © 
solution containing DDT ranged from 3.1 
to 8.4 mg. for Attagenus piceus and from 
1.6 to 7.1 mg. for Anthrenus vorax—thus 
confirming the conclusions drawn from 
visual examination, that the protection 
imparted was excellent. Dipping the goats 
in the sulfur solution appeared to have no 
value in imparting moth resistance, since 
the 89.2 mg. of frass for A. piceus and 85.4 
mg. for A. vorax approximate the frass 
weights in tests of untreated mohair of 
88.9 mg. for A. piceus and 91.1 mg. for 
A, voraz. 

The protection from clothes moths and 
carpet beetles offered mohair sheared from 
animals dipped in a solution of DDT is 
further emphasized by a study of the reac- 
tion of the 25 larvae to the treatment of 
the mohair. The data in table 2 cover the 
period February 3 to March 7, 1945, when 
both the black carpet beetle and the fur- 
niture carpet beetle are at the point of 
transforming from the larval to the adult 
stage. For this reason this is not ordinar- 
ily a good time of the year to run tests 
with these insects. But these particular 
tests have been chosen because, although 


Table 2.—Average number of beetles in each stage in mohair of treated animals at end of test period 
February 3 to March 7, 1945; 25 insects used in each test. 








Attagenus piceus 


Anthrenus vorax 





Larvae 





Nvum- 
BER OF 
TREATMENT Tests 


Cast 
Alive Dead skins 


Larvae 





Pu- 
pae Adults 


Cast 
skins 


Pu- 


pae Adults Alive Dead 





Check, as sheared 10 19.0! 0.0 
Check, scoured 5 
DDT dip No. 1 . 20 
DDT dip No. 2 20 


Sulfur dip 20 


22.48 2.25 6.15 
24.25% 0.25 13.45 
16.454 0.5 


* 2.2 
2 


2 3.35 


18.1 9.6 
17.2 11.6 
12.5 
23.7 


3.8 
0.2 
0.35 
4.7 


0.15 
0.15 


2.0 
6.0 
21.5 11.9 





1 tore he of 5 tests 

2 Cast skins too badly chewed for counting. 
3 Larvae abnormal. 

4 Larvae normal, 





some pests of mohair and wool clips in storage in this country 
and are primary pests of fabrics woven from them, it is probably 
true that A. piceus and Anthrenus voraz can be even more de- 
structive to knitted and woven fabrics. For this reason car) . 
beetles must be included in claims for “moth resis 

word “moth” in the understanding of the publie it includes both 
carpet beetles and clothes moths, and animal fibers treated to 
render them “moth proof” or “moth resistant” should be treated 
so that they are resistant to carpet beetles as well as clothes 
moths. “Moth resistance” in this paper, and very generally in 
discussions of mothproofing treatments, includes resistance to 
both clothes moths and carpet beetles. 


more larvae were alive at the end of the 
test period when confined with DDT- 
treated mohair than when confined with 
mohair treated with the sulfur dip or the 
check material, the number that trans- 
formed to pupae and adults was greatly re- 
duced. Furthermore, the living larvae at 
the end of the month’s test period were ab- 
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normal, being stunted and discolored and 
often determined as alive with some diffi- 
culty, and the pupae and adults were 
usually dead. No maturing adults laid 
eggs, they seemingly being incapable of 
reproducing themselves. In striking con- 
trast, the insects confined with the check 
and sulfur-treated mohair were normal in 
every respect, large, robust, and very 
active. In no test of mohair from animals 
dipped in a DDT solution has any larva of 
either species remained alive for months, 
as have the larvae confined with un- 
treated material. 

Although fleeces from animals treated 
with dips No. 1 or 2 without DDT were 
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not furnished the writer for testing, it is 
possible that some of the other ingre- 
dients of these dips had a deleterious ef- 
fect upon the test insects. However, the 
experience of the writer with other ma- 
terials indicates that the excellent resist- 
ance here recorded is due to the DDT con- 
tent of the dip used. 

If the results of these laboratory tests 
are borne out in warehouse practice, dip- 
ping goats in a DDT solution a few days 
before they are sheared should result in a 
freedom from insect damage in the stored 
fleeces, at least until the mohair is scoured 
prior to manufacture into fabrics.— 
11-29-46. 





DDT Used to Control a Rice-Field Mosquito, 
Psorophora confinnis' 
Wiiu1aM R. Horsrat1, Fayetteville, Arkansas 


The midsummer generation of the dark 
rice-field mosquito, Psorophora confinnis 
(Lynch-Arribalzaga), may be controlled 
by distributing powdered DDT over a dry 
field prior to the second irrigation. By 
applying a combination of DDT and a 
nitrogenous fertilizer no additional farm 
operation is necessary. When irrigation 
water enters the field, and the toxic agent 
is already present, development of larvae 
can be prevented. Observations reported 
here were made during 1946 at the Rice 
Branch Experiment Station, Stuttgart, 
Arkansas. 

Previous attempts to obtain uniform 
dispersal of DDT in rice fields based on 
emulsifying a concentrate in irrigation 
water have been only partially successful. 
At varying distances from the point of 
entry of the treated water, a field becam 
habitable to larvae. In five of six tests 
carried out by Knowles & Fisk (1945), 
larvae of the dark rice-field mosquito 
were completely eliminated from that 
part of a field within 400 feet from the 
point of entry of an emulsion containing 
0.2 p.p.m. of DDT. When the concen- 
trate was added to irrigation water at the 
pump and conveyed through a canal, ef- 
fectiveness was reduced in proportion to 
the length of the canal. Wisecup, e¢ al. 
(1946) confirmed the work of Knowles & 


‘ Journal Series No. 820. Published with permission of the 
Director of the Arkansas Agricultural Experiment Station. 


Fisk regarding lost effectiveness of DDT 
in proportion to distance an emulsion was 
carried from the point of release. Prob- 
lems incident to adjusting and maintain- 
ing an apparatus for releasing DDT emul- 
sions make the method of dispersal tedious 
and may prevent general acceptance. 

Wisecup & Deonier (1945) have used 
DDT as dust for control of the dark rice- 
field mosquito in small areas of natural 
sites. A dust containing 0.1 pound of DDT 
per acre controlled larvae when applied to 
sites after hatching had begun. Dusts 
when applied at the rates of 1.0 and 0.1 
pound of DDT per acre did not control 
larvae when potential sites were treated 
28 and 17 days respectively before flood- 
ing (ibid). 

SeasonaL History.—The method of 
control of. the dark rice-field mosquito 
outlined here is. related directly to the sea- 
sonal history of the mosquito. Eggs are 
laid in rice fields when they have been 
drained during the summer. After the soil 
has dried to the point of cracking a field 
is irrigated again. Eggs begin to hatch 
within a few minutes after they are cov- 
ered with water, and normally all have 
hatched within 12 hours. Adults emerge 
within a week under mormal summer 
temperatures. No subsequent generation 
arises from a rice field unless it is drained 
and irrigated again (Horsfall 1942a). 

The first generation that develops in 
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rice fields comes from hibernating eggs 
deposited during the preceding season 
(Horsfall 1942b). Fields planted to rice 
after pasturing the preceding season had 
nearly 40 times as many larvae in them as 
had fields following any other treatment. 
This generation may be controlled by not 
pasturing land the season before rice is 
planted. 

Roadside ditches are secondary sources 
of this mosquito (Horsfall 1942a). In 
Arkansas county nearly 3000 acres of 
ditches are present, but this area is minor 
compared to that in rice. Area for area 
ditches are less frequently sources of lar- 
vae than newly flooded fields. Ditches 
produced less than one per cent of larvae 
in the rice area. 

Mertuops.—The most convenient 
method of applying DDT for control of 
the summer generation of the dark rice- 
field mosquito in fields is to broadcast it 
with fertilizer. Usually the fertilizer is 
broadcast as pellets from an endgate 
seeder on a two-wheeled cart as it is 
drawn at measured intervals across a field. 
The fertilizer is a suitable diluent and 
carrier for DDT and should be distributed 
uniformly in order to be available to the 
rice. 

A non-wettable powder containing 50 
per cent of DDT was used in all tests in 
1946. It was mixed with a granulated 
nitrogenous fertilizer (Cyanamid) on a 
concrete floor by two persons using shov- 
els. The mixture was shovelled into bags 
for transfer to the field. Lots of 200 
pounds of fertilizer and 4.0 pounds of a 
dust containing 2.0 pounds of DDT were 
mixed at one time for the field tests, and 
smaller lots of 15 pounds of fertilizer and 
various dosages of DDT were mixed for 
the plot tests. 

Plot tests were carried out in a row of 
15 plots, each one-tenth acre in area, and 
the field test involved a treated area of 13 
acres and check area of 6.5 acres. Dosages 
of DDT used in plots were 0.0, 0.25, 0.5, 
1.0 and 4.0 pounds to an acre, and each 
dosage was repeated three times in plots 
selected at random. Irrigation of plots 
and field was begun on the day treat- 
ments were made. Plots were small 
enough to be flooded the same day, but 
the field required three days to inundate. 

Examinations for larvae were made on 
the fourth day after flooding was com- 
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pleted. Random samples of one square 
foot were examined by means of an area 
sampler. The device consists of a cylin- 
drical screen cage with a cross-sectional 
area of one square foot (Horsfall 1942b). 
The cylinder is 13 inches high and is open 
at both ends. Support and weight are pro- 
vided by a metal band at each end of the 
cylinder and four metal struts between 
them: In use the device was dropped at 
random intervals in a rice field in such a 
way that one end settled into the mud, 
and the walls enclosed larvae present un- 
der one square foot of water surface. As 
they rose to the surface larvae were dipped 
out and counted. 

Resvutts.—Initial results on field scale 
showed complete kill of larvae when 2.0 
pounds of DDT were applied to an acre. 
Fertilizer (as Cyanamid) was applied to 
both areas at a rate of 200 pounds to an 
acre. The check area showed a mean 
population of 3.2+0.6! larvae to a square 
foot based on 22 square feet selected at 
random. No larvae were found in 90 
square feet in the treated area. 

Initial control in plots of one-tenth 
acre showed that hand broadcast applica- 
tions of DDT in fertilizer killed larvae of 
Psorophora confinnis in dosages as low as 
0.5 pound to an acre. Dosages ranged 
from zero to 1.0 pound in 150 pounds of 
fertilizer to an acre. Mean larval popula- 
tion in three check plots was 3.7+0.8 
larvae to a square foot based on examina- 
tion of a total of 30 square feet. All other 
plots were free of larvae except for one 
larva found in 30 square feet in a plot 
treated with 0.25 pound of DDT per acre. 

DDT was toxic to larvae for several 
days in the field where the dosage was 2.0 
pounds per acre. One day after treatment 
80 larvae of P. confinnis in the fourth in- 
star were placed inside a hollow square 
formed by a band of sheet metal set on 
edge. No larvae were alive the next day. 
In another part of the field a similar area 
was enclosed four days after flooding, and 
in it were placed 128 larvae (8 to a square 
foot) in the third and fourth instars. One 
day later the larval population of this 
square was 2.5+0.6 larvae to a square 
foot or about 30 per cent of the original 
population. 

A dosage of 4.0 pounds of DDT per acre 
showed residual toxicity for 17 days to 


1 Standard error. 
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larvae of Anopheles quadrimaculatus Say, 
a species that lays its eggs on water. Only 
four larvae were present in 20 square feet 
in the treated plots when 56 larvae were 
observed in a similar area in check plots. 

Larvae of a later generation of the dark 
rice-field mosquito developing after a third 
irrigation of plots were not killed by a 
dosage of 0.5 pound of DDT to an acre 
which had been applied during the first 
drainage period 44 days earlier. Two plots 
treated and flooded June 26 were drained 
July 15. One week later they were un- 
avoidably flooded by a heavy rain, and 
that water was drained off. On August 9 
these plots were irrigated once more. A 
total of 106 larvae were observed in 20 
square feet in these plots. 

Certain aquatic insects and eggs of frogs 
seemed to be resistant to DDT when ap- 
plied to rice plots in the manner described. 
Rice water weevils, certain dytiscids and 
hydrophilids were abundant in all plots 
four days after treatment. Frogs’ eggs 
were resistant to 0.5 pound of DDT to an 
acre as was shown by hatching of one mass 
four days after treatment. Some dead 
dytiscids and hydrophilids were observed 
in all plots including check plots. Corixids 
and notonectids present in puddles along 
levee ditches at the time of treatment were 
killed by a dosage of 2.0 pounds of DDT 
to an acre. 

Water that had passed through a field 
treated with 2.0 pounds of DDT per acre 
was not toxic to larvae of Psorophora con- 
finnis when it was allowed to flood an un- 
treated area along the lower side of the 
field. As soon as water from the treated 
part had passed into the untreated area, 
the channel through the separating levee 
was closed. Four days later larvae were 
numerous in the untreated portion, and 
none was present on the treated side of 
the levee. Water seeping through a levee 
into a grassy spot outside the treated 
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field supported a large number of larvae. 

SumMARY.—The midsummer genera- 
tion of the dark rice-field mosquito, 
Psorophora confinnis (L.-A.), was con- 
trolled by the use of DDT in a dry mix- 
ture with a nitrogenous fertilizer when 
broadcast over a field immediately before 
the second irrigation was begun. Uniform 
distribution was obtained by broadcasting 
a DDT-fertilizer mixture with an endgate 
seeder as it was driven across the field at 
measured intervals. No larvae were found 
in a field treated with a dosage of 2.0 
pounds of DDT in 200 pounds of a granu- 
lated commercial fertilizer to an acre 
when an adjacent check field produced a 
mean population of 3.2+0.6 larvae to a 
square foot. Similar dry DDT-fertilizer 
mixtures when applied by hand broadcast 
over one-tenth-acre plots gave complete 
control with dosages as low as 0.5 pound 
of DDT to an acre when the mean popu- 
lation in check plots was 3.7+0.8 larvae. 
An application of 2.0 pounds of DDT to 
an acre was lethal to larvae in the fourth 
instar when they were placed ina treated 
field one day after irrigating began. 
Nearly 70 per cent of larvae in the third 
and fourth instar were killed when they 
were placed in a treated field four days 
after irrigating it. Water that had passed 
through a field treated with 2.0 pouncs 
of DDT to an acre was not toxic to larvae 
when it was allowed to flood an untreated 
area along the lower side of the field. 

Larvae of Anopheles quadrimaculatus 
Say were reduced in plots 17 days after 
treatment with 4.0 pounds of DDT to an 
acre. Check plots showed 56 larvae and 
treated plots four larvae in 20 square feet. 

Dytiscids, hydrophilids and rice water 
weevils seemed to be resistant to dosages 
up to 4.0 pounds of DDT to an acre. 
Frogs’ eggs were resistant at least to 0.5 
pound of DDT to an acre when applied 
in the manner described.—11-5-46. 
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Cub Airplanes in the South Pacific for 
Application of DDT 


B. V. Travis, J. D. Mapue,? H. S. Huruaut,’ and C. N. Husman,! 
U. 8. Naval Medical Research Unit Number 2 


In April 1944 spray equipment for a 
Cub airplane and supplies for both ground 
and air applications of the new insecticide, 
DDT, were taken to the South Pacific. 
Methods of application of DDT that had 
just been developed in the States (Deonier 
et al. 1945; Deonier & Burrell 1945) were 
to be tested in combat areas. These first 
tests of aircraft applications of larvicides 
in the South Pacific were conducted on 
Guadalcanal, June 9, 1944, in cooperation 
with Island Malaria Control Units. The 
striking results of the tests, and others in 
the Southwest Pacific, stimulated various 
groups in the Pacific theater to use air- 
craft for this purpose with increasing 
frequency, the most intensive use being at 
Iwo Jima and Okinawa. 

Breepine ArEA.—In general, the South 
Pacific breeding areas for Anopheles 
farauti Laveran were man made, e.g., road 
ruts, barrow pits, fox-holes, revetments, 
bomb craters, and shell holes. There were 
frequently acres of road ruts sufficiently 
deep to hold water during the dry season. 
So important were such water catchments 
that A. farauti might easily be called the 
“road rut mosquito.” 

The typical prewar breeding occurred 
in large swampy areas filled with depres- 
sions and debris. Important natural loca- 
tions were also along the margins and at 
the mouths of streams that were blocked 
by sand bars. During the wet season, these 
streams cut through the sand bars and 
flushed sufficiently often to control 
mosquito breeding. 

MaTERIALS AND Metuops—The spray 
equipment for the Piper Cub (L-4-B, 65 
H.P.) was the venturi apparatus de- 
veloped by Husman & Longcoy. The 
material sprayed was a 5 per cent DDT 
solution in a 50-50 mixture of diesel oil 


1 Lieutenant, H(S), U.S.N.R., on mili leave from the 
U. S. Department of Agriculture, Bureau of Entomology and 
Plant Quarantine. 

? Lieutenant, H(S), U.S.N.R., killed in action on Okinawa. 

* Commander, H(S), U.S.N.R. 

4 Naval Civilian Technician from the U.S.D.A. 

5 The writers wish to express their appreciation of the Malaria 
Control and Malaria Survey Units on both Guadalcanal and 
Bougainville for their assistance and cooperation which made 
these tests possible. 


and S.A.E. 10 lubricating oil. One test, — 
No. 3. was made with a 5 per cent DDT- 
water emulsion (prepared from emulsion 
concentrate containing 20 per cent DDT, 
20 per cent Triton X-100, and 60 per cent 
xylene). 

In all tests the rate of application was 
from 8 to 4 pints per acre. Swaths of 40 to 
55 feet were flown as close to the vegeta- 
tion as safety permitted. Over grasslands 
the altitude was 15 to 20 feet, whereas 
over trees it was at times as great as 175 
feet. In most instances, it was possible to 
fly cross wind; however, with the rapid 
changing of wind direction, some of each 
flight was necessarily either with or into 
the wind. Usually the pilot was guided in 
his swaths by ‘“‘flagmen.” 

Observations on results were made by 
selecting, at random, a number of water 
catchments that contained mosquito lar- 
vae. The populations of both Culex and 
Anopheles larvae were determined by dip- 
ping both before and 24 hours after treat- 
ment. 

Resutts.—A number of tests were 
made on Guadalcanal and Bougainville in 
typical breeding areas. A short description 
will be given of a few of these tests to 
demonstrate results in different types of 
cover. It will be noted that in no case did 
2 quarts of a 5 per cent solution fail to give 
adequate control of Anopheles, Bironella, 
or Culex annulirostris Skuse, regardless of 
the density of the vegetation which varied 
from open grasslands to extremely dense 
tropical jungles. These light applications 
of DDT were effective in killing larvae 
present at the time of treatment; how- 
ever, the larvae hatching the first day 
after treatment usually were not killed, so 
that weekly treatments were necessary. 
Results of tests 1, 2, 4, and 5 aresum- 
marized in table 1, the remainder are 
summarized only in the text. 

Test 1—This area of 100 acres was 
composed of partially cleared woods and 
jungle, and open grassland. The trees were 
about 150 feet high with clear areas un- 
derneath the upper canopy. The grass- 
lands were covered with grass 3 to 6 feet 
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high. The breeding was largely in road 
ruts and depressions resulting from log- 
ging operations. Of the 20 locations 
checked before treatment, 16 contained 
Anopheles and 16, Culex. In the post- 
spraying check, only one location con- 


kill of all Anopheles and Culex in the area 
treated. 

Test 4.—This test area, 25 acres, was 
covered by a large, round clump of tall 
trees with a dense understory of jungle 
surrounded by typical grasslands. In ad- 


























test, tained Anopheles and two, Culex. The _ dition to the data in table 1 for this test, 
DDT- data in table 1 are based on 5 dipsineach which were obtained from 1 dip in each of 
ulsion of 20 locations; however, many additional 110 selected locations, 1538 Anopheles 
DDT, dips were made in each location and in_ were taken with an extra 500 dips over the 
r cent other locations after spraying in order to general area prior to treatment. Following 
be certain that no live larvae were over- spraying, no Anopheles larvae were found 
nh was looked. The catchments containing live in the selected locations and an extra 700 
40 to larvae received no spray and were at the dips also showed no Anopheles. A small 
-gela- margin of the plot. This was due to flight number of recently hatched Culex were 
lands error as the pilot changed from his low found in these additional dips. All the 
ereas altitude swaths over grasslands to high initial population of Culex was killed by 
‘| a altitude swaths over trees. the spray. 
le to 
rapid Table 1.—Results of airplane spray applications with DDT-oil solutions for the control of mosquito 
each larvae; Guadalcanal, 1944. 
| into BrerorE TREATMENT AFTER TREATMENT 
ed in 
Number of larvae Number of larvae Per Cent Contre 
le by Number Number 
vater Test of Anoph- of Anoph- Anoph- 
‘dent NUMBER dips eles' Culex? Dips eles Culex eles Culex 
> and 208 48 285 208 98.2 
- dip- 173 11 154 173 98.1 
es 110 600 1060 110 100 
146 758 4011 279 99.5 
were Total 293 1417 5510 426 9. 99.5 
lle in 
ytion + onmakercotrn, 
ts to * In tests 1 and @ the data are based on an average of five dips at each of 20 and 17 locations, respectively. 
“y st Test 2.—This 150-acre area was open Test 5.—This test area, 25 acres, was in 
give grassland with breeding in the many road a typical coconut grove where the trees 
Loe ruts interlacing all over the area. The were 75 or more feet high. As the grove 
ss of grass was 3 to 6 feet high, but the road- had been unattended for many months, 
th ways and ruts were nearly bare of vege- there was a rather dense understory of 
al tation. Of the 17 locations checked before tropical plants and small coconut trees. 
ad treatment, 5 contained Anopheles and all The breeding was in road ruts between the 
moe contained Culex. After treatment no rows of trees. It should be pointed out that 
sll A nopheles were present and Culex oc-_ in the 146 locations checked 26 of the 35 
day curred in only one location. The one loca- Culex, recorded in table 1, were newly 
ee tion where Culex mosquitoes were found hatched and the one Anopheles larvae was 
ard after spraying was at the end of the area __so badly affected that it would not have 
oa and was not sprayed; the pilot cut off the recovered. Beyond the treated area, but 
ail spray too soon. The data shown in table 1 within the grove, Culex larvae were killed 
were obtained exactly as for test 1. up to 400 feet downwind from the last 
wall Test 3.—This test of 150 acres was in swath. ee 
aa the same block of land and was identical — At Bougainville several tests were made 
oa to test 2, except that a 5 percent emulsion in some swamps and lagoons that were the 


un- 
aSS- 
feet 


was used instead of an oil solution. Water 
catchments were numerous over the en- 
tire area and all water contained larvae 
prior to spraying. There was a complete 


extreme of tropical conditions both for 
vegetation and debris. Three such Anoph- 
eles areas sprayed showed complete kill; 
however, at the time checks were made 
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there were some larvae that had hatched 
after the spray was applied. In a swamp 
area in which there were Bironella, a 
94.5 per cent control was obtained; how- 
ever, if the larvae found in an area where 
the pilot had cut off the spray too soon are 
omitted from consideration, the control 
would have been 99.4 per cent. A small 
island which was lightly wooded with tall 
trees in the center and thick undergrowth 
around the margin was sprayed. A 94.8 
per cent control of Culex resulted even 
though the pilot received no guidance in 
swath width. This pilot did not have pre- 
vious experience with airplane spraying. 
No special counts were made to deter- 
mine accurately how effective these treat- 
ments were against adult mosquitoes. 
Several observations, however, in areas 
where there was a small population of 
Aédes adults indicated that large reduc- 
tions in the adults were obtained with the 
larviciding sprays, such as have been re- 
ported by Lindquist et al. (1945). 
Discusston.—It was of special interest 
to find that satisfactory control could be 
obtained with the Cub spray apparatus 
even when natural obstructions made it 
necessary to fly as high as 175 feet. Com- 
plete control of larvae breeding was ob- 
tained even under a dense canopy of vege- 
tation. Many observations of small water 
catchments that were completely over- 
hung by the broad-leafed vegetation 
showed that the smaller droplets of the 
spray reached such locations in sufficient 
amounts to control mosquito larvae. Also, 
experience with Culex quinquefasciatus 
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Say had indicated that such light applica- 
tions of DDT would not control Culex 
mosquitoes. The Culex annulirostris, how- 
ever, appeared to be as susceptible to 
DDT as Anopheles farauti. 

The feasibility of small aircraft for mos- 
quito control was well demonstrated on 
Guadalcanal. Frequently the natural ob- 
stacles and the wind direction would have 
made the use of larger and faster aircraft 
impractical. There were, of course, large 
areas that could have been handled much 
more rapidly with larger and faster planes. 
Even in areas where larger planes would 
be desirable, there were always small areas 
that could best be handled by spot spray- 
ing with small aircraft. 

The aircraft applications were espe- 
cially desirable in areas where there was a 
confusing tangle of ruts, and a multitude 
of small pockets of water. Also, there were 
rather large areas almost inaccessible to 
the spray crews. It was impossible for the 
men to find each individual, isolated 
pocket of water and to treat the area as 
thoroughly as could be done with air ap- 
plications. In addition, air applications as- 
sisted in control by reducing the adult 
populations, 

SumMary.—Application of DDT as a 
mosquito larvicide by means of Cub air- 
plane was demonstrated to be very effec- 
tive in the South Pacific. No area was ob- 
served where Anopheles farauti Laveran 
or Culex annulirostris Skuse could not be 
controlled with an application of 2 quarts 
of a 5 per cent oil solution or a 5 per cent 
water emulsion of DDT applied by air. 
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Development of Spraying Apparatus for 


HNS-1 Helicopter 


J.S. Yurun,!? C. C. Deonter,? C. B. Wisecur? and G. W. Girpier® 





The first applications of aerial sprays 
from rotary-wing aircraft were made by 
means of autogiros in 1936 (Francis 1936; 
Potts 1939; Whitten et al. 1941). This 
early work demonstrated that sprays 
could be controlled better than dusts 
when applied from the air, and that slow- 
moving rotary-wing aircraft was suitable 
for aerial spraying. 

In conjunction with the development 
of DDT sprays for the control of mosqui- 
toes, the United States Navy and the 
United States Coast Guard desired that 
such sprays applied from a helicopter be 
tested to determine the scope and possi- 
bilities of using such aircraft in control of 
malaria. Spraying from fixed-wing aircraft 
had given satisfactory control of mosquito 
larvae (Deonier & Burrell 1945) and 
adults (Lindquist et al. 1945). Accordingly 
& cooperative project was undertaken 
jointly by the United States Navy, the 
United States Coast Guard, and the Bu- 
reau of Entomology and Plant Quaran- 
tine, United States Department of Agri- 
culture. The types of apparatus tested, 
and some results which have been secured, 
are described in this paper. 

Hexicopter.—The helicopter used for 
these studies was a Coast Guard HNS-1 
(Army R4-B) (Fig. 1), a two-place trainer 
and liaison aircraft and the first produc- 
tion model helicopter developed in this 
country. In this aircraft vertical and 
translational lift are provided by the main 
rotor, consisting of three blades, or air- 
foils, each 17 feet 4 inches long, which turn 
in a horizontal plane. A tail rotor having 
three blades, each 4 feet long, rotates in a 
vertical plane to counteract torque and to 
serve as a rudder. The direction and mag- 
nitude of the resultant forces set up by the 
rotors are controlled by changing the 
pitch of the blades. Power is supplied by a 
radial air-cooled engine rated at 200 hp. 


1 Lieutenant Commander, H(S), U.S.N.R., now with the 
Bureau of Entomo and Plant Quarantine. 


? Entomologists, U.S.D.A., Orlando, Fla., laboratory of the 
Bureau of Entomology and Plant Quarantine, working under a 
transfer of funds, recommended by the Committee on Medi 
Research, from the Office of Scientific Research and Develop- 
ment, 

3 Lt. Commander, U.S. Coast Guard, assisted in the work. 


729 





at 2450 r.p.m. The range of speed is minus 
15 to plus 75 m.p.h., and the normal cruis- 
ing speed is 50 to 60 m.p.h. 

According to the manufacturer’s specifi- 
cations, under sea-level conditions the 
maximum vertical ascent at zero air speed 
is 100 feet and the service ceiling is 14,000 
feet. Performance is reduced as the tem- 
perature and humidity increase. Fuel con- 
sumption is approximately 12 gallons per 
hour and the cruising range about 2.25 





Fic. 1.—Helicopter, equipped with spray boom and 
exhaust stacks, in flight. 


hours. The net allowance for spray mate- 
rial when a full tank of fuel is carried is 
only 57 pounds. However, by carrying 
only half a tank of fuel and removing one 
seat, the doors, and the cowling, the allow- 
ance for spray was increased to 147 
pounds (21 gal.). On several occasions 30 
gallons was carried, an overload of ap- 
proximately 60 pounds. 

Spray Apparatus.—Since the flow of 
air about the helicopter varies with the air 
speed, it was considered that a pressure 
system would maintain a more uniform 
flow rate and atomization at different 
speeds than would an air venturi or other 
apparatus designed for fixed-wing air- 
craft, in which the air speed is fairly con- 
stant during spraying operations. The ap- 
paratus used in the helicopter consisted of 
a 30-gallon tank mounted just back of and 
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above the seat. Metal tubing carried the 
spray liquid by gravity to a large fuel 
strainer and then to an hydraulic pump 
mounted on an accessory driving pad on 
the engine. With this direct drive the 
pump was in operation whenever the en- 
gine was running. The discharge line from 
the pump led to an adjustable relief valve 
and a selector valve mounted near the 
pilot’s seat. A by-pass line returned the 
excess liquid from the relief valve to the 
spray tank during spraying. A similar by- 


Fia. 2.—Close-up of nozzle boom beneath 
tail of helicopter. 


pass line was installed between the selec- 
tor valve and the tank, so that the liquid 
circulated at zero pressure when spray 
was not being dispersed. The maximum 
flow rate was 5.5 gallons per minute and 
the pressure range to 1500 pounds per 
square inch (p.s.i.). 

This apparatus was highly satisfactory 
for pumping oil solutions of DDT. DDT 
emulsions could be sprayed, but it was 
necessary to flush out the system at the 
end of each day and to make frequent in- 
spections of the liquid seal ring on the 
pump shaft, as the emulsion solvent 
caused some deterioration of the synthetic 
rubber grommet in the seal ring. DDT 
suspensions cannot be used with this 
pump. At times fine sediment in the spray 
material interfered with the operation of 
the pump and relief valve. This difficulty 
was minimized by straining the material 
through an 80-mesh screen. 

The equipment could be improved by 
using an electrically driven pump rather 
than the engine-driven type. With an 
electrically driven pump, which would be 
in operation only during the actual dis- 
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charge of the spray, the pilot would sim- 
ply flip a switch mounted on the azimuth 
stick to turn the spray on or off. Unfortu- 
nately, pumps suitable for operation on 
the electric system of this model helicop- 
ter are not available. 

A dual-pump pressure system, consist- 
ing of a hydraulic pump for spraying solu- 
tions and a centrifugal pump for spraying 
emulsions or suspensions and for transfer- 
ring spray material from the ground sup- 
ply to the tank, was discarded because the 
centrifugal pump would not build up ade- 
quate pressure. A gear pump was also 
tested and found to be unsatisfactory. 

Two general types of atomizing appara- 
tus were tested—(1) Various conventional 
nozzles, and (2) equipment utilizing the 
flow of exhaust gases from the engine. The 
second type of equipment, in common 
with similar apparatus for other types of 
airplanes, produced a combined spray and 
smoke which was highly spectacular but 
somewhat inefficient, owing to the loss of 
effective spray as smoke particles. Major 
emphasis was placed on securing com- 
parable results from the use of nozzles. 

Selection of Nozzles—To develop a 
means of atomizing the sprays containing 
DDT so that the majority of the droplets 
had diameters of less than 100 microns, 
the droplet spectra from a large number 
of nozzles were secured at various pres- 
sures by measuring the drops which were 
deposited upon glass slides exposed to trial 
flights of the helicopter. The discharge 
rates for the five most promising nozzles 
were then calibrated. On the basis of these 
data, which are presented in table 1, fu- 
ture development was limited to the fol- 
lowing nozzles: (a) ‘TTT8001 for the lower 
portion of the droplet range, (b) modified 
fern-type 55-gage for the upper portion of 
the range, and (c) modified fern-type 70- 
gage for a broad range of droplet sizes. 
The boom upon which these nozzles were 
attached was suspended beneath the fuse- 
lage just forward of the tail section (fig. 
2) at a point just below the outer edge of 
the rotor disk. In addition, a few tests 
were made with the breaker-bar equip- 
ment which had been designed by C. N. 
Husman for fixed-wing aircraft. 

Two types of apparatus were employed 
for the exhaust generation of spray—(1) 
an extension of each exhaust stack ter- 
minating in a venturi constriction, the 
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Table 1.—Droplet spectra and discharge rates of nozzles used to spray DDT from a helicopter. 
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Solid-cone spray 
G2 125 95 18.8 
60 89 1.1 
GG3 125 71 1.4 

Flat y: 

TTL 125 106 16.9 
60 81 1.2 
TT8001 150 75 40.0 
60 130 10.8 
TT8002 150 100 30.0 








Per Cent or Dropiers 1n Size Rance InpicaTep Dis- 
Drops CHARGE 
Type or Spray Pres- Muzas- 10-40 41-80 81-120 121-160 161-200 201+ Per 
AnD Nozziz Usep SURE URED Microns Microns Microns Microns Microns Microns Minvre! 
Psi. Number Quarts 
Hollow-cone spray: 
Bean 52 150 104 2.9 38.5 25.0 12.5 7.7 13.4 _ 
Brown 60 60 145 2.8 22.8 23.4 17.9 17.2 15.9 _ 
Furnace jet 57 125 70 4.3 $2.9 21.4 18.6 18.6 4.2 _ 
60 69 2.9 29.2 26.9 7.3 15.9 18.7 _ 
Hudson 76 150 54 _- 18.5 20.3 24.1 25.9 11.2 0.60 
Hudson 59 150 108 12.1 35.1 23.0 16.7 9.3 3.8 _ 
Hudson 58 150 126 11.7 $1.8 20.8 18.8 9.2 13.2 _ 
LNN2 150 58 46.6 $7.9 13.8 1.7 _ _ . 382 
60 180 30.0 34.6 17.7 8.5 6.1 3.1 24 
LNN4 150 118 22.1 46.0 24.8 5.8 1.8 _ _ 
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Discoid spray: 
Fern Type 70 150 128 12.5 44.5 29.7 10.1 2.4 8 1.08 
60 lll 15.3 19.9 22.5 15.3 8.1 19.9 - 64 
Fern Type 55 150 46 _ 4.4 13.0 15.2 34.8 32.6 6.40 
Fishtail stacks 15 101 22 50 17 4 4 3 20.4 

























24.2 11.6 3.2 17.0 

23.5 21.4 13.5 19.1 ea 

16.9 16.9 16.9 29.5 

19.8 8.5 5.7 4.7 — 

18.5 23.6 22.2 16.0 — 

10.6 5.4 _ _ 68 
21.6 16.2 10.0 4.6 48 
23.0 9.0 2.0 8.0 _ 






























spray material being injected into the 
throat of the venturi, and (2) an uncon- 
stricted fishtail extension containing a 
small aircraft carburetor venturi through 
which the spray is injected. The first piece 
of equipment was unsatisfactory because 
most of the spray was dispersed as a 
smoke and, in addition, the constriction 
created sufficient back pressure against 
the engine to be a hazard for slow flight. 
Although the fishtail stack (Fig. 3) also 
vaporized a portion of the spray, it was 
possible to adjust the point of injection of 
the liquid to a proper distance from the 
engine so that the discharged spray con- 
tained a minimum of vapor and excessive- 
ly large droplets. 

Swath-Width Studies—To determine 
the effective swath width, the amount of 
toxic material deposited at any given lo- 
cation was evaluated by recording (1) the 
size of the drops which settled upon glass 
slides coated with magnesium oxide, (2) 
the 24-hour mortality of larvae of Anoph- 
eles quadrimaculatus Say exposed in half- 
pint cartons containing distilled water, 
and (8) the time for immobilizing adult 
houseflies placed in previously exposed 
petri dishes. 

A single flight of the helicopter, prop- 
erly equipped with the apparatus under 


1 Determined on ground except for fishtail stacks. These figures were found to be lower than those observed in actual operation. 







test, was made directly into the wind over 
a line of 10 stations set up at right angles 
to the wind direction. The stations were 
arbitrarily placed 20 feet apart. A single 
slide, a carton of larvae, and a pair of 
petri dishes were placed at each station. 
A large number of flights were made with 
pieces of apparatus operating singly on 
either side of the craft to determine 
whether there were marked differences in 
the air flow characteristics. The data for 
the flights with a complement of orifices 
are presented in table 2. 

































Fic. 3.—Close-up of fishtail stack. 
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Table 2.—Data relating to swath-width studies made with a helicopter. 








DIAMETER 
OF 
EqQuiIPMENT 


Ortrices Pressure DELIVERY 
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Mosquito Adult 
Larvae Flies 


Cross 
Dart! 


Arti- 


Tupe WIND Slides? 





Ot 


Inches P.s4. 


0.04 250 
-028 150 
250 


Pressure atomization: _ 
Fern-type 60 gage (8 orifices) 
Fern-type 70 gage (8 orifices) 


TT8001 (16 orifices) .020 


RO met es bes ft ps 


Breaker bar (48 orifices) 


Exhaust atomization: _ 
Fishtail stacks (24 orifices) 


Me. 


_ 
Aaa 
Ciined 


Se 2DRVUEN © 
o- FOOD C*) 


iS ww 20 © 
eooss 
> PP 


M.p.h. Feet Feet 
4 80 100 
+ 80 80 
4 60 60 


5 120 120 
60 No test 
10-15 60+ No test 
10 60 40 
10 80 80 


15 60 60 
15 60 60 


15 60 80 
6 120 120 140 

10 80 40 
10-15 oe 80 No test 100 
10-15 + 100 No test 140 





1 Cross drift estimated as follows: 0 =none; + =swath displaced but measurable; +-+=swath displaced beyond limit of stations 


width estimated. 


In general the results from the three 
methods of evaluation were in close agree- 
ment. When the helicopter was flown into 
the wind at cruising speed, the minimum 
effective swath width for all types of spray 
apparatus tested was 60 feet. Greater 


widths were achieved in low wind veloci- 
ties, and there was some indication that a 
wider swath could be secured by flying at 
a higher altitude than at the arbitrarily 
selected height of 30 feet; therefore, a 
swath width of 60 feet between flights was 
used in all subsequent spraying. In some 


Fia. 4.—Aerial view of smoke. 


of the tests it was desirable to fly cross 
wind, in which case the swath was much 
wider and the overlapping of successive 
swaths gave an even coverage. 


2 Deposit of at least 3 mg. per square meter. 


After the effective swath width for each 
flight was determined, and since the nor- 
mal cruising speed of the plane was known 
it was necessary to calculate the amount 
of material needed to give coverage at any 
desired rate of application. At the rate of 
2 quarts of liquid per acre, a delivery of 
14.4 quarts of spray per minute was re- 
quired. This rate could be supplied by 17 
of the TT8001 nozzles at 150 p.s.i. or by 5 
of the 55-gage fern types at 75 p.s.i. 

Observations on Performance.—The per- 
formance of the helicopter was not af- 
fected by the addition of spray equip- 
ment, with one exception. When the spray 
tank was half full of liquid, the shift of 
fluid could be felt when the helipcoter 
was turned, but the effect was not danger- 
ous. For extensive operations a baffled 
tank would be recommended. 

The tremendous down draft which is 
characteristic of a hovering helicopter was 
less pronounced when spraying was con- 
ducted at normal cruising speeds. In 
cruising flight the smoke portion of the 
exhaust-generated spray was frequently 
thrown into a double roll about 100 yards 
behind the plane, as shown in figure 4. It 
is reasonable to assume that spray drop- 
lets were subjected to the rolling action, 
but probably to a lesser degree because 
they are heavier than smoke particles. 

Observations showed that in normal 
flight the down draft takes place about 
100 to 200 feet back of the aircraft. The 
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force is not nearly so violent at this speed 
as in hovering or slow flight and is often 
obscured by the effects of wind or convec- 
tion currents. 

Hot weather and low wind velocity defi- 
nitely decrease the vertical-lift efficiency 
of the HNS-1 and extreme care must be 
exercised when the helicopter is flown at 
low altitudes. Applications at slow speeds 
(5 to 10 miles per hour) should always be 
made into the wind. Cross-wind flights are 
not considered safe at speeds less than 30 
miles per hour. The HNS-1 can operate 
safely in winds well in excess of the maxi- 
mum (15 m.p.h.) recommended for spray- 
ing DDT with aircraft. 





Table 3.—Comparative efficiency of a helicopter and a Piper Cub (L-4B) airplane. 





sions. Applications were also made to two 
salt-marsh areas. The data on acreage, 
amount of material, and time required for 
the different operations are presented in 
table 3. The helicopter was given the rou- 
tine maintenance check every 30 hours, 
but the time required is not included. 
These applications were designed to 
compare materials, and thus required 
more ferrying and loading time than 
would have been necessary in routine 
mosquito-control applications. The fer- 
rying distances for the sink holes were 
about the same for both types of aircraft, 
but the helicopter sprayed two more ma- 
terials than did the Cub, thus requiring 











Type oF BREEDING 
AREA AND OF AREA 
Atrcrart Usep TREATED 


AMOUNT 
OF SPRAY 








TIME 
Ferry SPRAYING | FOR 
Loaps TIME TIME REPAIRS 











Acres Gallons 
Sink holes 
Helicopter 20.5 38.5 
L-4B 23.0 25.1 


Salt marsh 
Helicopter 63 40 
L-4 B 6 5 35 














Number Minutes Minutes Days 
5 38 42 2 
3 12 38 0 









2 16 20 0 
2 80 20 0 








COMPARATIVE EFFICIENCY OF THE 
HELICOPTER AND FIxep-WinG AIRCRAFT. 
—Two series of tests were carried out 
prior to the mosquito-breeding season to 
compare the efficiency of the helicopter 
with that of light airplanes in spraying 
DDT for control of mosquito larvae. Sev- 
eral series of prebreeding treatments, in 
areas known to produce large broods of 
salt-marsh mosquitoes were being made 
just before the beginning of the rainy 
season. A number of areas were treated 
with the helicopter, a Piper Cub (Army 
Air Forces designation L-4B), or a Stear- 
man (Navy designation N25). Unfortu- 
nately, drought so delayed the mosquito 
season that the effect of the DDT deposits 
was lost and no comparisons could be 
made between the effectiveness of appli- 
cation by the different types of aircraft. 
Comparisons have been made, however, 
on the efficiency of the planes. 

Comparison with Piper Cub.—The heli- 
copter and a Piper Cub were used to spray 
an equal number of scattered sink holes or 
seepage areas of about 1 acre each with 
either DDT oil solutions or water emul- 








more ferry time. The average ferry time 
for the Cub was somewhat less than that 
for the helicopter, but the average treat- 
ment time was much less for the helicop- 
ter, owing to its greater maneuverability. 
The advantage of the helicopter over 
that of the Piper Cub was its ability to 
land in small openings in the salt-marsh 
areas for reloading. Since the air strip 
nearest the marshy islands under treat- 
ment was 16 miles away, the L-4B re- 
quired nearly 45 minutes to reload and re- 
turn. In contrast, the helicopter reloaded 
in a nearby clearing in the woods, requir- 
ing only 12 minutes between treatments. 
Comparison with Stearman N2S.—This 
series of tests, carried out in conjunction 
with the mosquito-control program at the 
Naval Air Station, Banana River, Fla.’ 
was designed to compare applications 
made with the helicopter and the Stear- 
man biplane to paired plots. The applica- 
tions were made by each airplane to simi- 
lar areas of large rectangular blocks of salt 
marsh, to scattered irregular marshy is- 


4 Lt. James Weatherell, U.S.N.R., and Ens. T. S. Roberts, 
H(S), U.S.N.R., cooperated in these tests. 
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lands, and to small acreages of fresh-water 


sink holes. A spray of 5 per cent of DDT 
in diesel oil was used for all applications. 

The Stearman biplane was equipped 
with a 56-gallon tank and a belly-venturi. 
Spraying was done at a speed of 39 miles 
per hour with a swath interval of 100 feet. 
It was necessary to return to an estab- 
lished air strip for reloading. 
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The following preliminary conclusions ap- 


ply only to the HNS-1 helicopter, the 


model used in these studies. 


1. An apparatus has been developed 
for the HNS-1 which will atomize and 
disperse satisfactorily either oil solu- 
tions or water emulsions of DDT, if the 
spray mixtures are free of sediment. 

2. The airflow from this model heli- 


Table 4.—Comparative efficiency of a helicopter and a Stearman N2S airplane. 








Amount 
Type or Breeprnc AREA AND AREA F 
or Arrcrart Usep TREATED Spray 


Loaps Distance Time Time Time 


Ferry Ferry Spraying SERVICE 


ReEparrs 





Acres Gallons 
Rectangular salt marsh: 
Helicopter 300 140 
N2sS 182 
Island marshes: 


Helicopter 230 109 
Nes 240 130 


Sink holes: 
Helicopter 80 19 
Nes 30 21 
Totals: 
Helicopter 560 268 
N2sS 590 833 


Number Miles Minutes Minutes Minutes 


Minutes 


5 25 39 46 49 27 
4 34 18 36 12 0 


4 9 19 47 41 
8 $2 20 87 6 


14 20 10 10 
14 20 6 3 


48 78 103 100 
80 58 79 21 





The data for these tests, presented in 
table 4, show that the N2S was definitely 
more efficient than the helicopter, due to 
its faster cruising speed, larger useful 
load, and greater swath width. These ad- 
vantages completely overbalanced the 
greater maneuverability and short ferry 
distance for the helicopter. The difference 
in service time is not significant, as the 
use of similar loading equipment would 
have equalized the service times. 

The purchase and operational costs of 
the helicopter are much higher than those 
of fixed-wing aircraft. However, improved 
models are being developed which may be 
more practical both in cost and _per- 
formance. 

Conc.usions.—Studies were made to 
determine the possibilities of using a heli- 
copter for applying DDT sprays for the 
control of malaria-carrying mosquitoes. 


copter is such that a safe effective 

swath width of only 60 feet is produced 

with any type of spraying equipment. 

3. The HNS-1 is satisfactory for ex- 
perimental studies. It can be fitted with 
special equipment for rapid change of 
spray mixtures and atomizing appara- 
tus to facilitate experimental procedure. 

4. The HNS-1 is not recommended 
for routine control operations because 
of its limited useful load, narrow swath 
width, slow cruising speed, and because 
of its inadequate power for operating 
under unfavorable conditions. 

The greater maneuverability embodied 
in helicopter aircraft offers many possibili- 
ties for its use in insect-control operations 
which would not be possible with fixed- 
wing aircraft. This includes not only the 
dispersion of sprays but also reconnais- 
sance and inspection of inaccessible areas. 
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DDT-Xylene Emulsions for Use Against 
Insects Affecting Man! 


Howarp A. Jones* and Heten J. Fiuno, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine® 


Of the several ways in which DDT may 
be employed, the use of emulsions has 
perhaps the widest application in the con- 
trol of insects of medical importance. This 
type of DDT preparation has been par- 
ticularly applicable to the needs of the 
armed forces. Efforts along this line at 
the Orlando, Fila., laboratory of the 
Bureau of Entomology and Plant Quaran- 
tine have been directed toward the formu- 
lation of a DDT emulsion concentrate 
(Jones et al. 1945a) that could be used by 
the armed services for several purposes. 
This article discusses the development of a 
formula comprising DDT and an emulsi- 
fier in xylene. 

An emulsion of DDT was first used at 
this laboratory in April 1948, when cloth 
was impregnated for the control of body 
lice. Shortly thereafter several DDT 
emulsions were formulated for application 
as anopheline mosquito larvicides. Later 
emulsions were applied as residual sprays 
for the control of adult mosquitoes, flies, 
and other insects (Jones et al. 1945c). 

REQUIREMENTS OF DDT Emutsions 
ror Minitary Use.—For use by the 
armed forces an emulsion concentrate 
was needed comprising only DDT and an 
emulsifier in a suitable solvent. A con- 
centrated stock emulsion containing even 
a small proportion of water would require 
increased shipping space and would tend 
to decrease stability of the formulation. 
As the work progressed certain primary 
requirements for a DDT emulsion con- 
centrate became apparent. Those were as 
follows: 

(1) It must mix with water readily to 
form a satisfactory emulsion without re- 
quiring special mixing equipment. 

(2) It should form a satisfactory emul- 
sion not only in soft water but also in 
hard and sea water. 


(3) The emulsion formed should be 


1 This work was conducted under a panto of funds, recom- 


mended by the Committee on Medical Rese: , from the 
Office of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. 

2 Now with the Unit of Entomological Research of Dodge & 
Olcott, Inc., Baltimore, Maryland. 

3 Acknowledgment is due ral Howard A. Titus assi 
from Arm mmittee on Aerial Dispersal of Insecticides, 
Onaaeay la., and Anola B, Hendrick, who assisted in this 
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reasonably stable at concentrations used 
in spraying (0.1 to 10 per cent DDT), but 
extreme stability is not necessary. 

(4) It should be adaptable to as many 
uses as possible. 

(5) It should contain as high a concen- 
tration of DDT as is consistent with other 
requirements. 

The emulsion concentrate was origi- 
nally designed as an all-purpose treatment 
for louseproofing clothing, as a mosquito 
larvicide, and as a residual or surface 
spray against adult insects both indoors 
and outdoors. This is accomplished by the 
DDT-emulsifier-xylene concentrate. More 
recently improved concentrates with a 
higher flash point and greater retention of 
DDT on chilling have been developed for 
the last two purposes. 

Metnops or Testina EmMuLsiIons.— 
Comparisons of physical stability of emul- 
sions have usually been made at a DDT 
concentration of 1 per cent. Emulsions 
have been prepared and examined for 
physical stability as follows: 

If the concentrate contains 25 per cent 
of DDT, for example, 5 ml. is slowly 
added, with continuous swirling, to 120 
ml. of water in a 500-ml. erlenmeyer flask. 
The unstoppered flask is swirled for ex- 
actly 1 minute, and 50 ml. of the emulsion 
transferred to a nessler tube for observa- 
tion. Notations on the amount of layer 
separated, and whether thelayeris creamy 
or clear, are usually made 15 minutes, 2 
hours, and 24 hours after preparation. 
Breaking (separation of oil phase) is es- 
pecially noted. Test emulsions that ap- 
pear good in distilled water are repeated 
in hard and sea water. 

A1 percent DDT emulsion has been con- 
sidered satisfactory from the standpoint 
of physical stability if no appreciable sep- 
aration has occurred in distilled, hard, or 
sea water within about 2 hours, and in 24 
hours only moderate creaming has oc- 
curred with little or no separation of oil 
phase. This criterion has n based on 
results obtained with various emulsions in 
biological tests, particularly as mosquito 
larvicides and as residual sprays for adult 
insects. Recently, comparisons of solvents 
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and emulsifiers have been made in which applying to wood and glass surfaces and 
the concentrate containing 25 per cent testing against adult houseflies and mos- 
of DDT, 10 per cent of Triton X-100, and quitoes. 
65 per cent of xylene has been used as a SELECTION OF SOLVENT.—Ethylene di- 
standard, since emulsions made from this chloride was the first solvent used at Or- 
concentrate have proved satisfactory lando for an emulsion to impregnate un- 
from the insecticidal standpoint in ex- derwear. Other solvents used in early 
tensive laboratory and field tests. tests of louseproofing clothing and in 
Concentrates that appeared good from mosquito larvicide and residual spray 
the physical standpoint were tested work were xylene, tetrahydronaphthalene, 
against mosquito larvae and adult insects. o-dichlorobenzene, ethyl benzoate, di- 
Laboratory tests to determine the effect butyl phthalate, benzyl benzoate, K-327 
of emulsions as mosquito larvicides have (chiefly methylnaphthalenes), Carbon Met 
usually been made by dispersing low con- (chlorinated coal-tar fraction), and Vel- 
centrations throughout the water and _ sicol AR-60 (chiefly di- and trimethyl- 
observing how long the treatment re- naphthalenes). Numerous other solvents, 
mained effective. Emulsions have been particularly commercially available aro- 
evaluated for use as residual sprays by matic fractions, have since been tested. 


Table 1.—Physical stability of emulsions (1 per cent of DDT) showing little or no breaking in 24 
hours in distilled, hard, and sea water. Prepared from concentrates containing 25 per cent of DDT, 
10 per cent of emulsifier, and 65 per cent of xylene. 








PercentaGE (py VotuME) or CreEaMy LAYER SEPARATED TO 
Top 1x Trwe InpIcaTeD 


In Distilled Water In Hard! Water In Sea! Water 








15 15 15 
Min- 2 24 Min- 2 24 Min- 2 24 
EMULSIFIER utes Hours Hours utes Hours Hours utes Hours Hours 





Emulsions Showing No Separation after 2 Hours in Distilled Water 
Triton X-100 (polyethylene fy col alkyl ary lether) None None None None 5+ 5+ <2 2-5 2-5 
Triton X-155 (polyalky] ary] polyether alcohol) None None None <2 5+ 5+ 2-5 5+ 5+ 
Tween 80 (sorbitan Spaoaiheth. polyoxyalkylene de- 
rivative) None None 5+ <2 5+ 5+ <2 5+ 5+ 
Span 20 plus Tween 20 (equal parts) None None None None <2 2-5 None 2-5 2-5 


Emulsions Showing No Separation after 15 Minutes in Distilled Water 
Emulphor ELA ( ro fyeiyeot ether ester) None 2-5 %+ <2 2-5 %+ <2 5+ 285+ 
Emulphor ON (al lvely col ether) None 2-5 %+ <2 56+ %+ <2 5+ %+ 
pen 820 oieanan tty acids of modified poly- 
cols) None <2 5+ <2 2-5 2-5 5+ 25+ 
E Lasher 860 (stearic acid esters of modified poly- 
glycols) None 2-5 5+ <2 2-5 - — 5+ %+ 
Emulside 880 (oleic acid esters of modified poy yp roo None 2-5 56+ <2 2-5 <2 5+ %+ 
Igepal ee Extra High Conc. (alkyl ary yglycol 
None <2 2-5 <2 5+ <2 5+ 35+ 


ether 
N chal RU (alky] polyglycol ether) None 5+ %+ 2-5 5+ 2-5 2-5 2-5 
Triton 1339 (alkyl ary 7 polyether alcohol) None 2-5 5+ 2-5 5+ 5+ 5+ 
Tween 60 (sorbitan monostearate, polyoxyalkylene de- 
rivative) None 2-5 56+ <2 2-5 <2 
Tween 85 (sorbitan trioleate, polyoxyalkylene deriva- 
tive) None <2 5+ None <2 . <2 5+ 
Triton X-100 plus Emulphor ELA (equal parts) None <2 5+ <2 <2 5+ 
Triton X-100 plus Triton 1339 (equal parts) None 2-5 5+ 2-5 t 2-5 5+ 
Triton X-100 plus Tween 80 (equal parts) None 2-5 5+ <2 . 


Emulsions Showing Some Separation in 15 Minutes 


Emulgor A (condensed glycol ester of high-molecular- 

weight fatty acids) <2 <2 2-5 
Polymerized glycol dilaurate <2 2-5 5+ 
Polymerized glycol monolaurate <2 2-5 5+ 
Polymerized glycol monooleate <2 2-5 5+ 
Stearate 61-C-2280 or 75H-14S (a polyalkylene glycol , 

stearate) <2 <2 2-5 
Tween 20 (sorbitan monolaurate, polyoxyalkylene de- 

rivative) <2 2-5 5+ 
Tween 86 (sorbitan monooleate, polyoxyalkylene de- 

rivative) <2 <2 5+ 
Span 60 plus Tween 60 (equal parts) 2-5 2-5 2-5 <2 
Span 80 plus Tween 80 cogent pests! <2 2-5 5+ 2-5 
Triton 100 plus Alkanol WX N (equal parts) <2 2-5 5+ <2 
Triton X-100 plus Tween 20 (equal parts) <@2 2-5 5+ 5+ 
Triton X-100 plus Tween 60 (equal parts) <2 2-5 5+ 5+ 





1 Artificial hard water containing 500 p.p.m. of magnesium sulfate, 500 p.p.m. of calcium chloride, 250 p.p.m. of sodium bicar- 
bonate. Natural sea water used. 

2 Main portion of emulsion clear or almost clear. 

8 Slight breaking. 
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These solvents and many others, together 
with their important physical properties, 
are listed in a previous article (Jones et al. 
1945b). Cyclohexanone was tried but, 
since water is appreciably soluble in this 
solvent crystallization and separation of 
DDT occurred in emulsions using this 
material only. When certain proportions 
of cyclohexanone were used with xylene, 
tetrahydronaphthalene, V elsicol A R-60, or 
kerosene, this crystallization of DDT did 
not occur. Certain combinations of xylene 
and kerosene gave emulsions which might 
be useful for some purposes. 

To be useful in impregnating clothing 
for louse control it was necessary that the 
solvent be volatile, so that a solution of 
DDT would not remain in the cloth and 
thus produce a health hazard. This elimi- 
nated high-boiling solvents such as di- 
butyl phthalate, benzyl benzoate, and 
K-327 from further consideration. Chlo- 
rinated solvents were eliminated because 
it was desired to keep the health hazard 
as low as possible. The solvent must also 
be available in large quantities. Some 
solvents were ruled out because they gave 
poor emulsions with the emulsifiers tested. 

Xylene was chosen as a solvent meeting 
all the requirements of the first all-purpose 
emulsion concentrate. It was sufficiently 
volatile to evaporate rapidly from cloth, 
was comparatively safe to use, and was 
available in large quantities. Grades from 
pure xylene to industrial xylene (solvent 
naphtha) could be used. 

Experience has shown that the lighter- 
than-water feature, at one time thought 
desirable for an emulsion to be used as an 
anopheline larvicide, is not necessary. 
Solvents heavier than xylene may be used 
with equally good larvicidal results, ex- 
cept that much heavier solvents, such as 
those with densities over 1.0, do give 
poorer results. This question of keeping 
the concentrate lighter than water did, 
however, influence the early selection of 
xylene as the solvent. Subsequent work 
has shown that this was a good choice for 
both larvicidal and residual spray work. 

PuysicaL Stasiuity Trests.—A large 
number of emulsifiers and combinations 
of emulsifiers have been tested to deter- 
mine their suitability for use in DDT 
emulsion concentrates. The emulsifiers 
have been grouped according to the 
physical stability of the emulsions ob- 
tained with them. 


The results with emulsifiers, which with 
1 per cent of DDT gave stable emulsions 
(little or no breaking in 24 hours) in dis- 
tilled, hard, and sea water, are listed in 
table 1. 

Triton X-100, Triton X-155, Tween 80, 
and Span 20 plus Tween 20 (equal parts) 
gave the most stable emulsions of the 
group. Any of the emulsifiers in table 1, 
however, would be considered satisfactory 
from the standpoint of stability. 

Table 2 lists briefly results with those 
emulsifiers found to give stable emulsions 
in distilled water but unstable emulsions 
(show separation of oil phase) in either 
hard or sea water or both. 

The emulsifiers forming unstable emul- 
sions in distilled, hard, and sea water are 
as follows: 


Alkanol B (sodium alkylnaphthalene sulfonate) 
Alkanol 8A (sodium alkylnaphthalene sulfonate) 
Blendene (modified ammonium fatty acid com- 


poun 

Butyl] Cellosolve 

Carbitol phthalate 

Diethylene glycol stearate 

Ethylene glycol monolaurate 

Intracol O (long-chain fatty acid basic amide) 

Mannitan triricinoleate 

Mulsor 3 CW (long-chain fatty acid ester of a 
polyglycol) 

Propylene glycol monolaurate 

Propylene glycol monostearate 

Vatsol OS (isopropylnaphthalene sodium sul- 
fonate) 


Listed below are the emulsifiers which 
are too insoluble in xylene to be useful in 
the preparation of a suitable concentrate. 


Alkanol S, flakes (sodium tetrahydronaphthalene 
sulfonate) 

Ammonium laurate 

Ammonyx T (alkyl dimethyl benzyl ammonium 
chloride) 

Areskap 100 (sodium monosulfonate of monobuty] 
phenylphenol) 

Detergent 92-Superfine paste (mixture of a sul- 
fonated aliphatic amide, an aromatic sulfonic 
acid) 

Diethylene glycol phthalate 

Duponol C (sodium alkyl sulfates, principally 
lauryl) 

Glyceryl monostearate 

Glycery! phthalate 

Igepal CA Extra (alkyl ary! polyglycol ether) 

Igepon AP (sodium salt of sulfonated ethyl oleate) 

Mannitan glyceryl monolaurate 

Orvus (sodium alkyl sulfates, principally laury]) 

Sodium naphthenate 

Trestabit ol VU (sulfonated fatty acid) 

Triton 720 (sodium salt of aryl alkyl polyether sul- 
fonate 

Triton 770 (sodium salt of aryl alkyl polyether sul- 
fate 

ab ay 73 (sodium salt of aryl alky] polyether sul- 
fate 
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Table 2.—Approximate physical stability of emulsions (1 per cent of DDT) showing little or no 
breaking in distilled water but marked breaking in hard or sea water after 24 hours. Prepared from 
concentrates containing 25 per cent of DDT, 10 per cent of emulsifier, and 65 per cent of xylene. 








APPROXIMATE STABILITY! 


In In In 
Distilled Hard Sea 
Water Water Water 








Aerosol CS-15 
Aerosol ND-18 
Aerosol N D-33 
Alkanol WXN (sodium hydrocarbon sulfonate) 
Ammonyz G (a mixture of higher alkyl dimethyl benzyl ammonium 
chloride) 
Aresklene 400 (sodium sulfonate of dibutylphenylphenol) 
Carbitol ricinoleate (diethylene glycol ethy] ether ricinoleate) 
Cellosolve laurate Sar: glycol ethyl ether laurate) 
Dendrol (a miscible oil) 
Diethyleneglycol monolaurate 
Diethyleneglycol monoocleate 
Duponol G (an alkyl! sulfate) 
Emulphor AG-oil soluble (polyglycol ester) 
Emulsifier L-82 (higher fatty ester of non-ionic tyep) 
Emulsifier L-34A (higher fatty ester of non-ionic type) 
Emulsifier L-45 (higher fatty ester of non-ionic type) 
Emulsol X-20 or Emcol X-20 (sulfated fatty acid glycol esters) 
Glyceryl monooleate 
Glyceryl monoricinoleate 
Igepon T powder (sulfonated aliphatic amide) 
Lupomin Extra (fatty acid amide salt) 
Michul B (a sulphonated aliphatic ester) 
Mulsor V-?7 (non-ionic, polyglycerol type) 
Mulsor 224 (non-ionic, polyglycol type) 
Nacconol F (alkyl aryl sulfonate) 
Nacconol NR (sodium alkyl aryl sulfonate) 
Nacconol NRSF (sodium alky] ary] sulfonate) 
Nopco 1216 (sulfonated sperm oil) 
Oranap (alkylnaphthalene sodium sulfonate) 
Oranap P (alkylnaphthalene sodium sulfonate) 
Propylene glycol monooleate 
Sellogen AS Cone (alkyl aryl sulfonate) 
Sellogen ASD Conc. (alky] aryl sulfonate) 
Sorbitol dioleate 
Sorbitol distearate 
Sorbitol laurate 
Span 20 (sorbitan monolaurate) 
Span 60 (sorbitan monostearate) 
Spar 80 (sorbitan monooleate) 
Triton B-1596 (polyglyceride of a glyptal resin) 
Vatsol OT (dioctyl sodium sulfosuccinate) 
Wetsit Concentrated (alkylated aromatic sulfonate) 
Aresklene 400 plus B-1596 (equal parts) 
Aresklene 400 plus Duponol OS (equal parts) 
Triton X-100 plus: Alkanol B (equal parts) 
Alkanol SA (equal parts) 
Aresklene 400 (equal parts) 
Span 30 (equal parts) 
Vatsol OT (equal parts) 


— i pt 2 
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1 Approximate stability was graded as follows: (1) No breaking in 24 hours (satisfactory); (2) no breaking in 2 hours, some break 
ing in 24 hours (moderately satisfactory) ; (3) some breaking in 2 hours, no marked increase in 24 horus; (4) some breaking in 2 hours, _ 
marked breaking in 24 hours; (5) marked breaking in 2 hoursor less. 


T: as ~ “i (cetyl dimethyl benzyl ammonium Triton X-100 was the first emulsifier 
rey tested that met the military requirements 
F = (sodium salt of aryl alkyl ether sul- Ff the emulsion concentrate. The com- 
bination of Span 20 and Tween 20 was 


Ultrawet (sodium sulfonate of petroleum hydro- f . 
carbon) also found satisfactory early in the work. 
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Proportions oF DDT, EmuLsiIFier, 
AND XYLENE.—In September 1943 the 
first emulsion concentrate was recom- 
mended for use by the armed forces. It 
comprised: 20 per cent of DDT, 20 per 
cent of Triton X-100, and 60 per cent of 
xylene. This concentrate formed very 
stable emulsions in water and was used 
with satisfactory results in many. early 
large-scale tests. Recently it was found 
that the proportion of emulsifier could be 
reduced without interfering with the use- 
fulness of the concentrate, and the follow- 
ing formula was recommended for mili- 
tary use: 25 per cent of DDT, 10 per cent 
of Triton X-100, and 65 per cent of xylene. 


stable emulsions than the 25 per cent 
DDT concentrate, showed pronounced 
separation of DDT on chilling. Dilutions 
of the latter concentrate had the addi- 
tional advantage of being more readily 
calculated than those of the 30 per cent 
concentrate. 

SumMary AND Conciusions.—The re- 
quirements are given of a DDT emulsion 
concentrate for use in the control of in- 
sects affecting the armed forces. The 
method of testing the physical stability of 
emulsions to be used for this purpose is 
described. Results are given of physical 
stability tests of over 100 emulsifiers 
tested for this use. 


Table 3.—Physical stability of emulsions (1 per cent of DDT) prepared from concentrates contain- 
ing various proportions of DDT, Triton X-100, and xylene. 








ComposiTION OF CONCENTRATE 


PercentaGEe (By VoLume) or Creamy Layer Separatep (To Tor Untess Norep) 





In Hard Water After— In Sea Water After— 





In Distilled Water After— 
DDT Triton lene 


Per X-100 er 15 2 24 


Cent Per Cent Cent Minutes Hours Hours 


15 Z 24 15 2 24 
Minutes Hours Hours Minutes Hours Hours 





20 None None None 
15 None None 

12.5 None None 
10 

5 

1 

15 

10 

5 


1 


None None 
<2 <2 
2-5 2-5 
5+ 5+ 
5+ 5+! 
2-5? 2-52 
None <2 
2-5 5+ 
2-5 542 
2-5? 5+" 


None 





1 Slight separation of oil phase. 
2 Marked separation of oil phase. 
3 Layer separated to bottom. 


This emulsion concentrate has been suc- 
cessfully used in a large number of 
laboratory and large-scale field tests as a 
mosquito larvicide, a residual spray for 
adult insects, and in louseproofing under- 
wear. It has also been used in actual mos- 
quito and fly control operations as well 
as in the control of other insects of medi- 
cal importance. 

In table 3 are given results of physical 
stability tests of emulsions made from 
concentrates containing a number of dif- 
ferent proportions of DDT, Triton X-100, 
and xylene. At one time a 25/7/68 ratio 
was in use. Concentrates with low pro- 
portions of Triton X-100 were found 
unstable in sea water. At low DDT con- 
centrations they were also found unstable 
in distilled and hard water. It will be 
noted that the 25/10/65 ratio gives emul- 
sions that were satisfactory from the 
standpoint of physical stability in all three 
types of water. Concentrates containing 
30 per cent of DDT, besides forming less 


The emulsifier Triton X-100 (an ar- 
alkyl polyether alcohol) was finally se- 
lected to be used in combination with 
xylene asthe solvent. As a result of tests 
of numerous proportions of DDT, emul- 
sifier, and solvent, a concentrate contain- 
ing 25 per cent of DDT, 10 per cent of 
Triton X-100, and 65 per cent of xylene 
was recommended for military use. This 
formulation emulsifies, with a minimum 
amount of agitation, in distilled, hard, and 
sea water. It may be diluted to concentra- 
tions of from 0.1 to 10 per cent of DDT 
to form reasonably stable emulsions. In 
this manner it may be used in the control 
of adult mosquitoes, flies, and other in- 
sects; as a mosquito larvicide; and in the 
louseproofing of clothing. 

The DDT emulsion concentrate has be- 
come one of the important ‘DDT formula- 
tions. Its concentrated form, ease of prep- 
aration, and ready application to a wide 
variety of situations have made it es- 
pecially valuable to the armed forces. 
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DDT to Control Maggots in Latrines 
B. V. Travis' and R. M. Bonart**: U, S. Naval Medical Research Unit Number 2 


Populations of flies accompanied by 
serious outbreaks of dysentery, particu- 
larly during military operations, empha- 
size the necessity of controlling these in- 
sects. As control methods applicable to 
combat areas had not been developed 
prior to the war, personnel in charge of 
sanitation during combat frequently 
found it difficult or impossible to control 
flies. Two materials, sodium arsenite 
(Penite, a proprietary product containing 
54 per cent active ingredient), Hering 
(1945a) and paradichlorobenzene (PDB), 
Anon. (1945c), have been shown to be use- 
ful for the control of maggots in latrines. 
Since the most common insecticide in the 
theaters of war was DDT, field tests were 
made in latrines on Okinawa (L+13 to 
L+60) to determine the effitacy of this 
chemical in the control of maggots. 

MaTERIALS AND PRocEDURE.—AIl test 
materials were applied to latrine pits by 
means of a 3-gallon cylindrical pressure 
sprayer (decontamination) equipped with 
the regular block-type spray nozzle. The 
DDT was used in .the water emulsion 
form, and in kerosene or in diesel oil. The 
interior of the boxes and the walls of pits 
was treated, but most of the material was 
sprayed on the fecal mass. Tests were 
made in latrine pits very heavily infested 
with third and fourth stage maggots. The 
principal maggot concerned was Chryso- 
myia megacephala (Fab.). The latrines were 
the typical ones installed up to L+60 and 
none was adequately screened. The depth 
of pits varied from 6 inches to 8 feet. Only 
two of those tested were 8 feet deep, the 
average depth being 3 to 5 feet. The la- 
trine boxes over most of the pits were so 


1 Lieutenant, H(S),*U.S.N.R. On military leave from the 
U. S. Department of Agriculture, Bureau of Entomology and 
Plant Quarantine. 

2 Lieutenant-Commander H(S), U.S.N.R. 

3 The authors wish to express their appreciation for the assist- 
ance of Jack Farlan Spitzer, PhM2c, and for the cooperation of 
the 11th Special C. B. Unit and the Medical Section, IsCom, 
APO 331, in making these studies. 


poorly constructed that the flies had easy 
access to the fecal material. In about half 
of the latrines, urinals which emptied into 
the pits made a wet fecal mass, an excel- 
lent fly-breeding medium. 

Thirty-nine latrines with heavy fly 
breeding were treated with DDT during 
the tests. Observations were made at 24, 
48, or 72 hours. Most of the second obser- 
vations were made at the 48-hour interval, 
and the percentage kill was estimated 
from the number of live maggots. 

Resutts.—The data in table 1 show 
that DDT in the form of an emulsion, ap- 
plied at the rate of 1 quart per seat hole 
and in concentrations of 2.5 to 5.0 per 
cent, adequately controlled maggots in 
pits where breeding was heavy. It was in- 
teresting to note that the DDT emulsion 
inactivated full-grown larvae in less than 
12 hours; in fact, most of them were im- 
mobilized in less than an hour with a 5 
per cent concentration. The oil solutions 
of DDT were effective at the rate of 1 
quart of 4 to 5 per cent solution per seat 
hole. Usually, when oil solutions were ap- 
plied, some maggots were alive 24 hours 
after treatment, but were dead at the 48- 
or 72-hour observation. Applications of 2 
per cent DDT in diesel oil gave erratic 
results, and in one instance the surviving 
maggots were irritated and crawled out of 
the pit, some of which were able to pu- 
pate. About 200 men were using the 8-hole 
pit employed for-the test. This pit was 
only 5 feet deep and maggots were nearly 
mature and exceptionally numerous. 

The use of DDT in the form of an 
emulsion was discontinued when an ex- 
plosion occurred in a 12-foot pit on rou- 
tine treatment. The pit was treated in the 
morning with approximately 1 quart of 5 
per cent emulsion per seat hole. The day 
had been quite warm. In the late after- 
noon, when all holes were in use, one of 
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the men struck a match which resulted in 
an explosion. The men were thrown from 
the latrine box and received severe flash 
burns. This was one of the only two 12- 
foot-deep pits seen on the island, and it 
was one of the few provided with a tight 
box. Subsequent tests proved that the 
xylene in the emulsion caused the explo- 
sion. 

Tests were not made with other mate- 
rials; however, during the course of the 
studies the following methods and mate- 
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emulsion form or in an oil solution, is nec- 
essary for satisfactory fly maggot control 
than is used by many investigators. 
Several groups placed their latrines on a 
routine weekly treatment of 1 quart of 5 
per cent DDT in diesel oil or in kerosene 
per seat hole. Complete control was ob- 
tained except in the case of two 8-hole 
latrines that were heavily overloaded and 
not fly-tight. Some groups sprayed the 
pits with a small amount of the oil solu- 
tions daily with excellent results. In fact, 


Table 1.— Results of tests on the control of maggots in latrines with DDT applied as an emulsion or 
as a solution in Diesel oil or kerosene (percentages of kill are estimated). Okinawa, 1945. 








Emutston or DDT 


Oi SoLtution or DDT 








Per Cent Kill in— 
Per Cent 


oO 
DDT 





Quarts 
per Seat 


Hole 


24 48-72 
Hours Hours 


Per Cent Kill in— 





Quarts Per Cent 
per Seat of 24 
Hole DDT Hours 


42-72 
Hours 





100 
100 
95 
95 
100 
100 
100 
100 
90 
90 


1 5 
1 5 
1 5 
3 5 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 


KAMARA SSos 


90 
50 
99 
95 


eet tol tole 
pot et 2 0 


95 
90 
75 
50 
50 


waANSS SonN 


me 2 et et 
ccoocre 
or 


Diesel oil 


re-treated 
75 
re-treated 


aia hha | 
SSK HHH KOE SS ee 
ececocecoocoocecoso 


x 
$ 


Rates bat tent pet © 


a) 
= 
a 


100 
95 100 
75 100 
95 100 
50 100 
25 95 





rials were observed in use by various 
groups and none of them was giving ade- 
quate control: Diesel oil; diesel oil or kero- 
sene plus daily burning; chlorinated lime 
(effective only if the fecal mass was kept 
completely covered) ; paradichlorobenzene 
(one-half of a No. 10 food can per hole 
every other day); and DDT dust scat- 
tered by hand. Olson & Dahms (1945b) 
report that 10 per cent DDT dust was in- 
effective in controlling house fly larvae in 
partly digested sewage sludge. They also 
report a low kill with treatment of the 
same material with 0.25 per cent emulsion. 
Data obtained in the latrine tests indi- 
cate that a much heavier application and 
a greater concentration of DDT, either in 


this method gave the most sure and com- 
plete control of any method observed. 
Discussion.—Each of the insecticides, 
sodium arsenite, DDT, and PDB, has cer- 
tain advantages and disadvantages that 
must be considered in choosing the best 
material for use in latrines. Sodium ar- 
senite has such a high toxicity for man 
that it must be used with caution. On the 
other hand, it is the least bulky of the 
three, being prepared as a 54 per cent con- 
centrate (Penite) which is diluted, 1 to 40 
in the field, with any kind of water. This 
allows a large saving in shipping space, as 
2 gallons, approximately 30 pounds in 
weight, will suffice for the treatment of 
latrines for 1000 men for 1 month. It is 
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effective under nearly all conditions found 
in latrines. While 32 pounds of DDT is 
enough to take care of latrines for 1000 
men for 1 month, this substance requires 
more shipping space than does the equiva- 
lent amount of Penite. 

The oil necessary for preparing the 
solutions makes DDT the most bulky of 
any material used for maggot control in 
latrines. However, the bulk of oil can be 
largely disregarded in combat areas be- 
cause there is usually an excess of oil un- 
der these conditions. It is nearly equal to 
sodium arsenite in effectiveness under all 
conditions found in latrines. However, if 
used on mature maggots it does not al- 
ways kill them soon enough to prevent 
their migration from the pit. It has a low 
toxicity for man and has another impor- 
tant advantage over Penite, namely, that 
of leaving a residue on the walls of the box 
and the pit which will kill adult flies. 

When used in deep, dry, unventilated 
pits, PDB not only will kill maggots but 
will prevent flies from entering the pit. It 
has the disadvantages of not being com- 
pletely effective in shallow, wet, venti- 
lated pits. Also it requires considerable 
shipping space, since 200 pounds per 1000 
men are needed each month to control 
flies and maggots. 

Fly-breeding conditions in latrine pits 
vary so greatly that, regardless of the type 
of chemical used, the frequency and the 
quantity of treatment must be deter- 
mined by periodic inspections. The fig- 
ures given above for the amounts of 
chemicals necessary for controlling flies in 
latrines are minimum. Under certain un- 
usual conditions, the interval between 
treatments must be decreased and the 
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amount of insecticide used per seat hole 
must be increased. However, if sufficient 
latrine boxes and pits (8 seat holes per 100 
men) are constructed properly (fly-tight 
and deep) and if treatment is started as 
soon as the pit is installed, control of flies 
and maggots is relatively simple. Any of 
the three chemicals can be expected to fail 
with a minimum dosage if the pits are 
teeming with full-grown maggots before 
treatment is initiated. All insecticides 
have failed to prevent breeding when ap- 
plied weekly if the boxes were not fly-tight, 
if the pits were shallow (8 to 5 feet deep), 
and if more than the recommended num- 
ber of men were using the latrines (up to 
100 per seat hole has been observed). 
Small amounts of DDT or other insecti- 
cide sprayed daily into the pits has given 
the most sure and effective control in the 
tests. 

Summary.—A solution of DDT in a 4 to 
5 per cent concentration in either Diesel 
oil or kerosene applied at the rate of 1 
quart per seat hole once a week will con- 
trol maggots in latrines that are built and 
used according to military specifications. 
Daily spraying of the fecal mass in quan- 
tities to total about 1 quart of insecticide 
per seat hole each week provides the most 
reliable control. DDT emulsions are not 
safe to use in latrines with deep pits and 
tight boxes because there is danger of ex- 
plosion of the xylene vapor. DDT emul- 
sions applied at a 5 per cent concentration 
gan be used to control maggots not in en- 
closed spaces. The emulsion kills maggots 
much more rapidly than does the oil solu- 
tions and is, therefore, more satisfactory 
for this type of work.—9-25-46. 
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“Dr. G. Fraenkel, Lecturer in Physiology, De- 
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Imperial College of Science and Technology, Lon- 
don, England, well-known for his work on insect 
nutrition, tropisms and other aspects of insect 


physiology, has been appointed Special Lecturer at 
the University of Minnesota for the Spring Quarter, 
1947. Dr. Fraenkel will give a course in Insect Nu- 
trition as a part of the graduate teaching program of 
the Division of Entomology and Economic Zoology. 








Control of Fly Larvae in Simulated Pit 
Latrines and in Carcasses' 


W. C. McDvrris,? Artaur W. Linpquist, and A. H. Mappen,? U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine 


Blowflies, Calliphoridae, flesh _ flies, 
Sarcophagidae, and houseflies, Musca 
domestica L., assumed major importance 
as carriers of dysentery and as a source of 
annoyance to troops in combat areas of 
the Pacific war zone. The control of 
adult houseflies was investigated at the 
Orlando, Fla., laboratory of the Bureau of 
Entomology and Plant Quarantine during 
the early years of the war and DDT sprays 
were developed for this purpose (Lind- 
quist et al. 1945 a and b). Because of the 
urgency of the problem, a study on the 
control of larvae was begun at Ozlando 
early in 1945 at the request of the Office 
of the Surgeon General, United States 
Army. This project was divided into two 
phases (1) the control of flies and larvae 
in simulated pit latrines, and (2) the 
control of fly larvae in animal carcasses. 

Field tests were initiated about the 
first of February in an effort to study 
control under outdoor conditions and to 
verify results already obtained by the 
authors in the laboratory. The early phase 
of the outdoor work was devoted to test- 
ing p-dichlorobenzene, which had been 
used successfully to control fly breeding 
in latrines in the central Pacific area by 
Maj. Franklin Sherman III, Sanitary 
Corps, United States Army. Tests also 
were conducted with o-dichlorobenzene, 
DDT, benzene hexachloride* acetylene 
tetrachloride, and a few tests with other 
materials. The primary objective was to 
test the immediate effectiveness of these 
and other materials against fly larvae, but 
such promising results were obtained with 
p-dichlorobenzene and o-dichlorobenzene 
that the majority of tests were made with 
these two materials. 

Controut OF LARVAE IN LATRINES.— 
For the latrine tests pits 18 to 24 inches 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical from the Office 
of Scientific Research and Development to the Bureau of Entom- 
ology and Plant Quarantine. 

aptain, Sanitary noe oa , Army of the United States. 

3 The writers acknowledge the oaneanee of E. F. Kauipling, in 
charge, and H. A. Jones, Chemist, of the Orlando, Fla., labora- 
tory. H. G. Wilson reared the housefly larvae and provided the 
carcasses used in these tests. 

4 Benzene hexachloride is the common term frequently applied 
to the chemical hexachlorocyclohexane. 


deep with a bottom surface of 2 to 3 
square feet were dug in sandy soil. In 
most cases an undiluted special rearing 
medium (oat hulls, alfalfa meal or bran) 
was used. This material is rather porous 
at first, but gradually settles into a fairly 
compact mass which probably simulates 
excrement fairly well. Ordinarily 6 to 8 
inches of medium and 1000 or more half- 
grown to nearly mature housefly larvae 
were placed in each pit, but sometimes 
only 8 to 4 inches was used to test toxicity 
under the most favorable conditions. 
Treatments were applied to the surface 
of the media. Following treatment each 
pit was covered to give protection against 
wind and rain, 

Tests with p-dichlorobenzene.—A series 
of exploratory tests showed that applica- 
tions of 0.25 to 3.5 grams of granular 
p-dichlorobenzene per square foot caused 
only mild to moderately severe stupefac- 
tion of larvae. Activity and development 
were curtailed for 24 hours, but little or no 
mortaility occurred. Similar dosages of 
marble-sized lumps were even less effec- 
tive. Covering the p-dichlorobenzene with 
1 to 8 inches of fresh medium 2 to 4 hours 
after application appeared to decrease its 
effectiveness, presumably because it re- 
tarded volatilization. 

At dosages of 5 to 15 grams per square 
foot moderate to severe stupefaction of 
maturing larvae occurred, but these larvae 
gradually recovered and after 72 hours 
were practically normal. Furthermore, 
larvae exposed for 24 hours to these 
dosages and then placed in_half-pint 
cartons of fresh media recovered com- 
pletely in another 24 hours. Retreatment 
after 72 hours with dosages of 2.5 to 7.5 
grams per square foot caused slight to 
rather high mortalities, but effective 
control was obtained only where the two 
treatments totaled 20 to 22.5 grams per 
square foot. 

Satisfactory éouttel was obtained with 
single applications of 20 to 25 grams of the 
granular p-dichlorobenzene per square 
foot in two out of four tests. In the two 
unsatisfactory tests retreatment 3 days 
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later with 7.5 to 10 grams per square foot 
provided complete control. 

Single applications of 10 to 25 grams per 
square foot of the lump p-dichlorobenzene 
caused slight to severe stupefaction and 
retarded development during the 5 to 6 
days it persisted but volatilization ap- 
parently was too slow to produce a lethal 
concentration of gas. Thus the actual 
control was slight. It is believed that 
control with the lump material would 
necessitate slightly larger initial dosages, 
with retreatments at normal dosages to 
prevent further breeding. 

The results of confirmatory tests under 
warmer weather conditions are shown in 
table 1. Records on mortality up to 96 
hours after treatment are given. In gen- 
eral the data agree with those given above, 
although the over-all kill was higher owing 
to the effectiveness of the treatment 
against small to medium-size larvae. 


Table 1.—Results of tests of light to heavy 
dosages of p-dichlorobenzene against housefly 
larvae in simulated pit latrines. 
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Mortatity ArTER— 





DosAGE OF 


p-DICHLOROBENZENE 48 Hours 96 Hours 





Per 
Cent 


Per 
Cent 


Grams Per 
Square Foot 
Granular 
10 17 20 

12 18 
10 15 
0 10 
45 48 
43 55 
10 40 
36 71 
33 83 
64! 75 
100 100 
50 65 
20 40 
30 95 100 


Lump 
10 0 8 
20 ll 33 
30 20 83 





1 Over 90 per cent mort lity of small t: medium-size larvae as 
compared with only 50 per cent mortality of large larvae. 


In a few tests retreatment at the rate of 
10 grams of the granular p-dichloro- 
benzene per square foot was made at the 
end of 96 hours. When the original treat- 
ment was 15 to 20 grams per square foot 
95 to 100 per cent mortality resulted, but 
in one case, when the original treatment 
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was only 10 grams per square foot, the 
kill was negligible. Thus it is concluded 
that control required about the same 
dosage as was necessary during cooler 
weather. 

To gain more information on the mode 
of action against fly larvae, certain labora- 
tory and field tests were made to deter- 
mine the effectiveness of the material 
against various stages of flies. Preliminary 
laboratory tests indicated that p-dichloro- 
benzene was a highly effective ovicide, 
and that as little as 5 grams per square 
foot was sufficient to prevent hatching of 
all housefly eggs. This was confirmed in 
the field tests, which showed that fly con- 
trol can be obtained by the application of 
small quantities of this materia! at regular 
intervals. Once larvae become established, 
however, the problem is more difficult and 
the initial dosage is greater. 

Because there was no natural oviposi- 
tion and breeding of houseflies in the pits, 
carcasses, which induce heavy blowfly 
breeding, were substituted for the bran 
medium in three tests. A freshly killed dog 
was placed in each pit, and a small hole 
was made in the cover to admit adult 
blowflies. The pits were treated im- 
mediately with 5, 10, and 15 grams of 
p-dichlorobenzene per square foot, and 3 
days later with half the original dosage. 
At the time of the second treatment there 
were a few adults in each pit, but larvae 
were present only in the pit receiving the 
lightest dosage. In the other pits there was 
an abundance of unhatched eggs and dead 
newly hatched larvae. It was apparent 
that the treatments had reduced oviposi- 
tion. Even in the lightly treated pit all 
larvae were newly hatched, indicating 
that this dosage was effective for 48 
hours. Four days after retreatment the 
carcass in the lightly treated pit was 
heavily infested with small to medium- 
size larvae, whereas the other carcasses 
were uninfested and there were large 
numbers of unhatched eggs and dead 
adults in the pits. The carcasses were re- 
treated, and in observations made 2 and 
4 days later practically all the larvae in 
the lightly treated pit had been destroyed, 
none were evident in the heavily treated 
pit, and only a small number in the other 
pit. It was clear, therefore, that treatment 
every 3 to 4 days was sufficient to prevent 
blowfly breeding. 
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Tests with o-dichlorobenzene.—Prelimi- 
nary tests in the laboratory showed that 
o-dichlorobenzene was very effective 
against housefly larvae both by contact 
and by fumigation. In a series of field 
tests dosages of 50 to 100 ml. per square 
foot gave complete kill of small, medium, 
and large larvae. In a few exploratory 
tests a high mortality resulted when addi- 
tional larvae were placed in the pits 4 
days after treatment. This indicates con- 
siderable residual toxicity in the media 
and suggests that control might be ob- 
tained with lighter dosages. 

Variable results were obtained with 25 
ml. per square foot, but in most cases 
mortality was complete or almost com- 
plete 2 to 4 days after treatment. The 
24-hour kill was rarely high, but virtually 
all larvae were moribund and concen- 
trated at the bottom and sides of the pits. 
The percentage recovery among such 
larvae was consistently low, although 
there were a few exceptions. The re- 
sults obtained with 10 and 15 ml. of 
o-dichlorobenzene per square foot in- 
dicated that good control might be ob- 
tained at these dosages under certain 
conditions. However, it is doubtful 
whether such small quantities would be 
adequate in practice. 

In two tests complete kill was obtained 
by following the initial dosages of 15 and 
25 ml. per square foot with a retreatment 
on the third day of 15 ml. per square foot. 
This indicates that control of fly breeding 
can be obtained by applying this chemical 
in approximately the same amounts and at 
the same intervals as p-dichlorobenzene. 

During these tests large numbers of 
housefly eggs were placed 2 to 3 inches 
below the surface of the media to deter- 
mine the ovicidal effects of o-dichloro- 
benzene under such conditions. No hatch- 
ing occurred. No dosages less than 10 ml. 
per square foot were applied to the media, 
but in the laboratory highly effective 
ovicidal action was obtained with 5 ml. 
It is indicated, therefore, that this chemi- 
cal is about equal to p-dichlorobenzene as 
an ovicide. 

A large series of tests was made with 
p-dichlorobenzene dissolved in an equal 
quantity of o-dichlorobenzene. There was 
no indication that the combination of 
materials was better than either one when 
used alone. 






Comparative tests with fuel oil and 
o-dichlorobenzene, with and _ without 
p-dichlorobenzene or DDT.—A series of 
tests was conducted to compare the 
effectiveness of p-dichlorobenzene dis- 
solved in fuel oil and in o-dichlorobenzene 
and of these solvents with and without 
DDT. 

Fuel oil alone proved practically non- 
toxic, and fuel-oil solutions containing 
p-dichlorobenzene or DDT also gave poor 
kills in thick layers of medium (6 to 8 
inches), even when applied in fairly large 
amounts. Satisfactory kill was obtained 
only when the quantity of liquid was 
sufficient to penetrate the entire medium; 
otherwise larvae merely migrated below 
the treated portion and continued normal 
activity. It was thus demonstrated that 
the toxicity of the oil was not enhanced by 
the DDT and that the effectiveness of 
p-dichlorobenzene was decreased in oil 
solutions. However, the residue of DDT 
in the media later caused almost com- 
plete mortality of emerging adults. 

The immediate effectiveness of o-di- 
chlorobenzene was neither deterred nor 
improved by the addition of p-dichloro- 
benzene or DDT. Small quantities of 
o-dichlorobenzene consistently gave high 
kills in 24 to 48 hours, with and without 
the extra ingredient. 

Moderate to heavy applications of a 5 
per cent DDT aqueous emulsion (made 
from a concentrate containing 25 per 
cent of DDT, 10 per cent of Triton X-100 
(polyethyleneglycol alkyl aryl ether), and 
65 per cent of xylene) were about as in- 
effective as DDT in fuel oil when applied 
to a thick layer of medium. In these thick 
layers the larvae migrated below the 
treated portion and remained unaffected, 
but the DDT residue killed large numbers 
of adults emerging 8 to 10 days after the 
emulsion was applied. 

Comparative effectiveness of p-dichloro- 
benzene_and DDT.—A number of tests 
were conducted to compare the effective- 
ness of a larvicidal treatment with 
p-dichlorobenzene and of residual DDT 
sprays against the emerging adults. In 
these tests cages were placed over the pits 
at the proper time to collect all adults 
emerging from the media, and 24 hours 
later they were examined to determine 
the survival. Results of a representative 
series of such tests are summarized 





746 


in table 2. Three heavy dosages of 
p-dichlorobenzene killed practically all the 
larvae. DDT, on the contrary, gave poor 
larval kill but destroyed most of the 
emerging adults. 

From the results of these tests and 
others conducted in the laboratory, it can 
be concluded that DDT is of little value 
for the immediate control of fly larvae. It 
should be pointed out, however, that 
p-dichlorobenzene, o-dichlorobenzene, and 
perhaps other materials are effective 
larvicides only under certain conditions, 
and may not be satisfactory for control of 
fly breeding in many important situations. 
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amount of the active ingredient in these 
solutions was so small that dosages could 
be increased without violating the practi- 
cal consideration of economy of materials. 

In applying sprays care was taken to 
cover the carcass and the larva-infested 
ground beneath. Half or more of the 
larvae may be underneath the carcass, 
and the soil must be raked in order to 
expose them to the spray. Considerably 
more liquid is required to treat a carcass 
and the ground underneath than. to treat 
the carcass alone. Furthermore, the 
quantity necessary to achieve effective 
control may vary with the size and 


Table 2.—Effect of p-dichlorobenzene and DDT treatments of simulated pitlatrines on emer- 


gence and survival of adult flies. 








AMOUNT PER 


MATERIAL ScuareE Foot 


Collected 


NuMBER OF FLIES 


Dead in Dead on 
24 Hours Media in Pit 





Living in 
24 Hours 





60 gm.! 


16 ml. 
16 ml. 
16 gm. 


p-Dichlorobenzene 
DDT 5%: 

Aqueous emulsion? 

In fuel oil 

In pyrophyllite 
Check (untreated) 


3 3 0 0 


370 285 
60 41 19 1,599 
498 493 5 1,394 
8,619 8,619 0 0 


1,560 





1 8 applications. 


2 Made from a concentrate consisting of 25 per cent of DDT, 10 per cent of Triton X-100, and 65 per cent of xylene. 


In such cases, or where breeding is too 
general to permit treatment of most of 
the breeding areas, a DDT residual spray 
directed against adults is a necessary 
adjunct to control. As it is unlikely that 
either method will give satisfactory con- 
trol at all times, control measures should 
be directed toward the elimination of both 
larvae and adults. 

ConTROL OF LARVAE IN CARCASSES.— 
The animals (dogs) used in these studies 
were killed by carbon monoxide fumiga- 
tion and exposed in the field for natural 
infestations to occur. Ordinarily heavy 
infestations developed in 24 hours, and 
the animals were suitable for spraying in 
48 to 72 hours. 

Infestation Treatment of Carcasses.—The 
test materials were applied with a decon- 
tamination-type sprayer, or with a sprink- 
ler, in amounts varying with the size of 
the animal. In most of the tests a rate of 1 
pint of spray to a 25- to 40-pound animal 
was majntained, but where very dilute 
water emulsions were involved the rate 
was increased to 1.5 to 2 pints. The 


abundance of the larvae, the condition of 
the carcass, and the area to be covered. 
There may be differences also with respect 
to the species of flies. 

In early tests DDT in oil solutions and 
in water emulsions killed very few blowfly 
larvae and the remainder continued their 
development and destroyed the carcass. 
Whether the contact with or ingestion of 
DDT resulted in belated death after 
pupation or upon emergence as adults was 
not determined. Tests were therefore 
undertaken with a wide variety of mate- 
rials (undiluted) in oil solutions and in 
water emulsions. Results obtained in tests 
with the most promising of these materials 
are summarized in table 3. 

Reports have indicated that satisfac- 
tory control of breeding by the fly 
Chrysomyia megacephala (F.) in cadavers 
during and following battle has been ac- 
complished in many instances by the 
liberal application of dilute (0.6 per cent) 
sodium arsenite-water solutions to in- 
fested bodies and surroundings. Tests 
with sodium arsenite against larval in- 
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Table 3.—Results of tests in which heavily 
infested og Nahe were sprayed with various 
chemicals. Dosage, 1 pint per 25- to 40-pound 
carcass. 








CONTROL IN 
24 Hours 





NuMBER 
OF Aver- 
Tests Range age 


Per Per 
Cent Cent 


MATERIAL 





Sodium arsenite , 
0.6% 10-40 25 
10-90 50 
90-100 97 
98-100 99 
_ 100 
o-Dichlorobenzene: 
Undiluted 90-100 
20% in No. 2 fuel oil 80-99 92 
10% emulsion — 35 


DDT 5% in o-dichloro- 


benzene 


Nopco 1216 (sulfonated 
sperm oil) 5% in 
o-dichlorobenzene 


Acetylene tetrachloride 
in No. 2 fuel oil: 


97.5 


90-100 97 


20% 
Undiluted 
Benzene hexachloride 
(10-12% gamma 
isomer) 
2% in No. 2 fuel oil 
5% in xylene 20% 
plus kerosene 80% 


Benzene-Triton X-100 
emulsion 


Benzene hezachloride- 
Triton X-100 emul- 


DDT (2.5%)-benzene- 
Triton X-100 emul- 


sion 


Thanite (chiefly isobor- 
nyl thiocyanoace- 
tate): 

10% in Triton X-100 
(emulsion) 
20% in No. 2 fuel oil 


95-98 
85-97 91 





festations, primarily of Cochliomyia macel- 
laria (F.), in animal carcasses have con- 
firmed the effectiveness of this material 
when used in strengths of 2.5 per cent or 
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more in water; weaker solutions proved 
relatively ineffective at the minimum 
dosages used in comparative tests. Solu- 
tions of sodium arsenite did not provide 
immediate immobilization or kill of larvae 
on contact, but within 24 hours virtually 
all the larvae succumbed from ingestion 
of the material. 

Two of the chemicals tested, o-dichloro- 
benzene and acetylene tetrachloride, were 
suggested by the Chemical Warfare 
Service. Both these chemicals provided in- 
stant immobilization of larvae, and 
minimum amounts consistently gave near- 
perfect to perfect control when thoroughly 
applied to a carcass. Both materials re- 
mained highly effective when diluted 1 to 
4 with No. 2 fuel oil. Acetylene tetra- 
chloride was effective when diluted 1 to 
9, but o-dichlorobenzene was not tested at 
this dilution. However, in several tests 10 
per cent of o-dichlorobenzene in emulsion 
form proved ineffective. A suitable emul- 
sion of acetylene tetrachloride was not 
developed. 

Both o-dichlorobenzene and acetylene 
tetrachloride possess qualities of a good 
larvicide; they immobilize larvae quickly 
and are effective in relatively small 
quantities, either undiluted or in oil 
solutions. On the other hand, they have 
the disadvantage that large supplies of 
both the chemicals and the oil would be 
necessary for extensive control work. 
Moreover, the fumes of acetylene tetra- 
chloride are said to be highly toxic, and 
o-dichlorobenzene is irritating to the skin. 
Dilution with oil, however, may reduce 
these dangers to a great extent. 

The British had reported good results 
with benzene hexachloride against fly 
larvae. Five per cent of this chemical in 
oil solutions gave good kills on carcasses in 
Florida. Since benzene has long been used 
for destroying larvae of Cochliomyia 
americana C. & P. in wounds of animals, it 
was thought that an emulsion containing 
this solvent and benzene hexachloride 
should be tried. An emulsion concentrate 
composed of 20 per cent of benzene 
hexachloride, 68 per cent of benzene, and 
12 per cent of Triton X-100 was developed, 
and in field tests it proved consistently 
effective against blowfly larvae. Dilutions 
of 1 to 4 and 1 to 9 with fresh water pro- 
vided instant cessation of movement and 
extremely high kills of larvae. Highly 
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effective control was also obtained with 
dilutions of 1 to 19 and 1 to 39, but larvae 
were not immobilized so swiftly. This 
concentrate makes a satisfactory emulsion 
in fresh water after brief, vigorous agita- 
tion. It will not emulsify satisfactorily in 
sea water, but it is believed that this can 
be overcome by the use of a more power- 
ful emulsifying agent or larger amounts of 
Triton X-100. 

A concentrate containing the same 
quantity of benzene and Triton X-100, but 
without benzene hexachloride, proved in- 
effective at a dilution of 1 to 7. When 
larvae were liberally contacted with the 
spray, movement ceased or was reduced, 
but the majority recovered. One test 
with a similar concentrate containing 20 
per cent of DDT gave equally unsatisfac- 
tory results when diluted 1 to 7. These 
comparative tests indicated that benzene 
hexachloride was an essential ingredient 
in the benzene emulsions. On the other 
hand, 20 per cent of benzene hexachloride 
in such solvents as Solvesso No. 3 (aro- 
matic petroleum fraction, medium boiling 
range), PD-544-C (an aromatic petroleum 


fraction), xylene, o-dichlorobenzene, and 
K-327 (coal-tar fraction, chiefly methyl- 
naphthalenes) proved less effective in im- 
mobilizing and killing larvae than the 
benzene hexachloride-benzene formula. 


The benzene _hexachloride-benzene- 
Triton X-100 concentrate possesses many 
advantages for the control of blowfly 
breeding. It can be diluted with water and 
applied in whatever amounts may be 
necessary to achieve effective control 
without upsetting the economy of mate- 
rials. For example, 50 gallons of the con- 
centrate will make 1000 gallons of 1-per 
cent benzene hexachloride-water emul- 
sion, which should be ample to treat and 
control fly larvae in 500 to 1000 cadavers. 
The supply and distribution of the con- 
centrate could be handled with a mini- 
mum of effort, and control work could be 
prosecuted promptly wherever a field 
water supply was readily available. 

Preinfestation Treatment of Carcasses.— 
DDT in oil solutions and in water emul- 
sions proved ineffective against estab- 
lished infestations of blowfly larvae, but 
when applied shortly after the death of 
test animals it delayed and minimized the 
infestation. During cool weather carcasses 
sprayed with DDT did not develop in- 
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festations for 8 to 10 days. The carcasses 
became bloated, produced an extremely 
disagreeable odor, and attraced myriads 
of adult flies, many of which became 
affected and died from contact with 
DDT. In hot weather similar applications 
of DDT in oil, in emulsions, and in 
o-dichlorobenzene prevented exterior in- 
festation for 4 to 7 days and reduced the 
infestation developing thereafter. Benzene 
hexachloride in several solvents and 
o-dichlorobenzene (without DDT) were 
similarily effective. 

In warm weather rapid bloating tended 
to force body fluids from the mouth and 
anus, thus forming untreated areas upon 
which flies fed and freely oviposited, and 
larval infestations usually developed in 2 
or 8 days. In spite of this vulnerable point, 
preinfestation treatments are highly de- 
sirable, because the infestation is localized 
for a short time and minimized on the 
whole. Furthermore, the DDT or benzene 
hexachloride residue on the carcass is 
highly effective against adult flies alight- 
ing thereon. 

To substantiate the effectiveness of pre- 
treatment residue, flies were collected 
from one untreated and two DDT-treated 
carcasses. Fly traps were placed over each 
carcass and adults collected as they at- 
tempted to escape through the open top 
of the trap. Collections were made over 
periods of 15 to 60 minutes. 

Data showed that 81 to 85 per cent of 
adult flies, Cochliomyia macellaria and 
Musca domestica, collected from a carcass 
treated with 1 pint of a 5 per cent DDT 
emulsion died in 24 hours, as compared 
with only 2 to 12 per cent of the flies from 
the untreated check. When the area 
within 1 foot of the carcass was treated 
lightly with a portion of a similar con- 
centration, the kill was 90 to 95 per cent, 
or 5 to 10 per cent greater than that result- 
ing from treatment of the carcass alone. 
No doubt some of the trapped flies were 
caught soon after they came to the car- 
cass, and it is believed that practically 
100 per cent mortality will result with 
flies in nature which have continuous 
access to carcasses treated with DDT. 
Thus, the inclusion of DDT treatments of 
carcasses or cadavers would appear to be 
highly advantageous. The residual effec- 
tiveness of benzene hexachloride under 
similar conditions has not been accurately 
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measured, but indications are that it too 
is highly effective against adult flies. 

In a few tests Thanite showed consider- 
able promise against blowfly larvae. A 
mixture of 20 per cent of Thanite and 80 
per cent of fuel oil gave remarkably good 
kills, as did 10 per cent of Thanite in 
emulsion form, with and without benzene 
hexachloride. Neither of these mixtures 
caused immediate immobilization of 
larvae, but their effectiveness was ap- 
parent in 1 to 2 hours. 

Tests with cyclohexanone, Velsicol NR- 
70 (chiefly tetramethylnaphthalene), thi- 
aldine, D-D emulsion (mixture of di- 
chloropropane and _ dichloropropylene), 
and several other materials yielded good 
to poor kills, and none was equal to the 
more promising ones discussed in detail 
above. 

SumMarRY.—p-Dichlorobenzene and o0- 
dichlorobenzene were tested extensively 
in simulated pit latrines containing house- 
fly larvae. Both these chemicals gave good 
kill of larvae when applied to the surface 
of the medium at the rate of 10 to 20 
grams of p-dichlorobenzene and 15 to 25 
ml. of o-dichlorobenzene per square foot. 
Smaller dosages were satisfactory if fol- 
lowed by retreatment in 2 to 4 days. 

Both chemicals are also highly effective 
against fly eggs. As little as 5 grams of 
p-dichlorobenzene or 5 ml. of o-dichloro- 
benzene have prevented hatching of 
housefly eggs. 

Fuel oil alone or containing various 
amounts of p-dichlorobenzene did not 
give good results. Five per cent of DDT 
in fuel oil also was a poor larvicide. The 
addition of DDT to any solvent, however, 
provided an effective residual treatment 
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for emerging adults, and even though 
larvae were not killed the production of 
adult flies was materially reduced. 

o-Dichlorobenzene, acetylene  tetra- 
chloride, benzene hexachloride and Thanite 
(chiefly isobornyl thiocyanoacetate), 
showed promising results when used 
to destroy blowfly larvae in carcasses. 
o-Dichlorobenzene and acetylene tetra- 
chloride, when sprayed at the rate of 1 
pint per 25- to 40-pound carcass, killed 
the larvae almost instantly. These chemi- 
cals were highly effective when diluted 1 
to 4 with fuel oil. 

An emulsion concentrate consisting of 
20 per cent of benzene hexachloride, 68 
per cent of benzene, and 12 per cent of 
Triton X-100 (polyethyleneglycol alkyl 
aryl ether) proved very effective in field 
tests. Dilutions of 1 to 4 and 1 to 9 with 
fresh water caused almost instant cessa- 
tion of movement of larvae and high kills 
when used at 1 pint per animal. Highly 
effective control was obtained with dilu- 
tions of 1 to 39, but the larvae were not 
swiftly immobilized. Other solvents, such 
as Solvesso No. 3 (aromatic petroleum 
fraction, medium boiling range). PD- 
544-C (aromatic petroleum fraction), and 
xylene proved less effective in immobilizing 
the larvae rapidly. 

A mixture of 20 per cent of Thanite and 


fuel oil gave remarkably good kills of 


blowfly larvae, although its action was 
somewhat slow. It is highly desirable to 
add 5 per cent of DDT to all the larvicides, 
except perhaps benzene hexachloride, 
because of the effectiveness of the residue 
on adult flies that visit the carcass.— 
7-21-46. 
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DDT Used to Control Flies in Manila 


James T. Grirrirus, Jr.) 


There has been a great deal of discus- 
sion about the possible values of spraying 
large acreages with organic insecticides in 
order to eliminate a major portion of the 
flies and mosquitoes. It is well recognized 
that such insect population decreases over 
a period of weeks would be beneficial for 
the maintenance of public health by con- 
trolling some insect borne diseases. Lind- 
quist et al. (1945) reported on the effec- 
tiveness of DDT when used against adult 
mosquitoes, but opportunites to observe 
extensive and repeated treatments have 
been limited. The data reported here were 
obtained between March and August 
1945 during airplane spray operations in 
Manila, Philippine Islands. Since the 
author had other duties at that time, 
observation were, on occasion, neces- 
sarily incomplete, and his transfer to a 
new headquarters required that the work 
be terminated early in August. Neverthe- 
less, the changes in adult fly populations 
which were noted prior to and following 
both airplane and ground power spraying 
made it possible to make suggestions con- 
cerning spray schedule intervals which 
would appear to be efficacious where pro- 
longed periods of fly reduction are desired. 

Manila was occupied by American 
troops during the first week of February, 
1945. General sanitation was very poor at 
that time. Under the Japanese, garbage 
collection and pail latrine systems had 
become practically non-existent. At the 
time of the arrival of the United States 
troops, indiscriminate faeces deposition 
was a common practice, and garbage was 
found in piles which, in some cases, were 
so large as actually to form road blocks. 
Flies swarmed in abundance throughout 
the city. As soon as a section of the city 
was liberated from Japanese control, a 
general clean-up campaign was instituted. 
This report is a study of the effectiveness 
of DDT spraying as performed both by 
airplane and by power equipment in areas 
north of the Pasig River which were 


1 Formerly with the United States Army. Now employed by 
F Citrus Experiment Station. 
2 The author wishes to express his sais for the co- 


operation of Lt. (j.g.) Thomas Snipes and Ensign 
HLS Straube U. ‘sR. without whose assistance much of this 


work would have been impossible. 


known locally as San Nicolas, Santa Cruz, 
and Tondo. 

AIRPLANE SprRAYING.—In order to as- 
certain the relative abundance of flies be- 
fore and after spraying, a method in- 
volving the use of fly baits and counting 
the number of flies attracted per minute 
was decided upon. Three series of 15 
stations each were established in different 
parts of the city: Series I in San Nicolas, 
Series II in Santa Cruz, and Series III 
in Tondo. Each group of stations was 
scattered over an area of 10 to 25 city 
blocks. These three sections of the city 
contained the major portion of the popu- 
lation of North Manila. 

The bait consisted of one slice of white 
bread which was sprinkled with sugar and 
moistened with about one tablespoon of 
vinegar. The bait was placed in a china 
bowl and enough water added to render 
the slice moist. It was impossible to check 
each series every day, but counts were 
made as often as possible. A given station 
was checked at approximately the same 
time of day, both in the morning and 
afternoon. The bowl was placed as nearly 
as possible in the same place for each 
count. It was allowed to remain in place 
for 1 minute and then all flies which had 
gathered were brushed away. Following 
this, for each of 5 successive minutes, the 
flies which settled on either the bowl or 
bait were counted. At the end of each 
minute all flies were brushed away and a 
new count started. Thus, for each station 
10 counts were made during the course of 
the day and a figure of average flies at- 
tracted per minute was obtained. 

The San Nicolas area included part of 
Manila’s Chinatown. It was very heavily 
populated and houses were built close 
together with little or no yard space. In 
February and early March, large piles of 
garbage and human faeces were scattered 
along the streets and in the gutters. Fly 
counts were started in this area on March 
15, 1945. By this date, many of the largest 
piles of refuse had been removed. How- 
ever, much garbage remained, and it was 
not until the last of May that garbage and 
faeces disposal was at all satisfactory. 
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The Santa Cruz sector of Manila was in- 
habited largely by native Filipino stock. 
Although houses were often crowded to- 
gether, yards usually present, and at the 
time of American occupation, better 
sanitation prevailed than in San Nicolas. 
Soil pollution and piles of garbage were 
evident throughout the observation period 
but, in general, it was a relatively clean 
area, Judged by Manila standards. Fly 
counts were first made in this sector of the 
city on April 9. 

The Tondo area was the dirtiest of the 
three experimental sectors. It was in- 
habited largely by poor class Filipinos and 
Chinese. The area was low and general 
sanitation was very poor. Fly counts were 
started in this sector on May 1. In June 
and July, this series was also used to test 
the efficacy of a ground power sprayer. 

Fly counts were made between March 
15 and August 4. During that interval, 
the entire city was sprayed four times by 
airplanes: April 13-16, May 5-8, June 
4-7, and June 22-27. From two to five 
C-47’s, flying in formation, dispensed 
sprays simultaneously over the city at a 
rate of approximately one half pound of 
DDT per acre. The sprays were applied 
between 7 and 10 o’clock in the morning. 
At this time, wind was usually at a mini- 
mum and the solutions were allowed to 
settle without a general dissipation due to 
air movements. The airplanes flew almost 
at housetop level, and as the spray, com- 
posed of DDT in diesel oil, fell, it was 
dense enough so that automobiles were 
forced to use windshield wipers when 
driving through the mist. A description 
of the equipment on these planes has been 
previously reported by McMahon (1945). 

Figure 1 indicates graphically the actual 
fly counts (average number of flies at- 
tracted per minute) for all three series 
from April 9 to July 7. Around March 15 
to 20, counts in San Nicolas averaged 
between 20 and 25 flies per minute. These 
decreased until, on the 3 days before 
spraying, they averaged only seven or 
eight flies per minute. During late 
February and March, an intensive clean- 
up campaign had markedly reduced the 
accumulated garbage and faeces in this 
area. With this elimination of refuse, it 
appeared that fly breeding was decreased. 
On the basis of similar reports from other 
parts of Manila, it is believed that the 
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improvement in sanitation which was 
made in late February and March was 
responsible for a general decrease in flies 
throughout the city. Although the period 
from July 7 to August 4 is not included in 
figure 1, counts were continued for all 
three series to that date. Populations 
during the first few days of August were 
essentially the same as those around July 
7. As noted in figure 1, these would not 
differ significantly from those of late 
April. 

During the June 24 spraying, only half 
as much DDT as usual was used in the 
San Nicolas area. Of course, one applica- 
tion is inconclusive, but this treatment 
appeared to be less effective than usual. 

In figure 1, the initial effects of airplane 
spraying of DDT are readily to be ob- 
served. In almost all instances there was a 
reduction in adult populations to a point 
which approached zero. Series I and III 
were sprayed twice during a spray period 
on three occasions. This occurred for 
Series I on April 13 and 15 and again on 
May 5 and 7. For Series III, it was on 
June 23 and 26. This resulted in greater 
fly kill and a prolongation of the period 
when adult populations were low. Certain 
variables, due to such factors as changes 
in humidity and temperatures, the rela- 
tive dampness of the soil, the amount of 
wind, the amount of shade, the time of 
day, etc. could not all be adequately 
controlled. The proximity of new piles of 
garbage or faeces, or the recent removal of 
such piles undoubtedly influenced fly 
counts in local areas. However, in spite of 
the irregularities in fly counts due to 
these uncontrollable factors, certain trends 
were evident. The initial reduction in 
flies was followed by a rising population 
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which increased in a linear fashion for 8 
to 10 days. This was succeeded by a 
period of static or decreasing populations 
which was in turn followed by another 
increase. 

The plateau due to a static or decreasing 
population may be satisfactorily explained 
in the following manner. Although the 
species of fly which predominated in 
Manila was not determined, it did belong 
to the genus Musca and is believed to 
have a life cycle from egg to adult of about 
8 to 12 days. Immediately following the 
application of DDT, only relatively few 
flies remained in an area. These deposited 
only a fraction of the eggs per day which 
had been produced prior to spraying. 
Thus, for 8 to 10 days after treatment, the 
rate of increase in the number of flies 
counted was directly proportional to the 
daily egg deposit prior to spraying. How- 
ever, after about 10 days, adult emergence 
was reduced to a level commensurate with 
the eggs deposited for the few days after 
spraying, and a plateau became evident. 
Fourteen to 18 days after spraying, an- 
other increase was observed. This ap- 
peared to be due to the emergence of flies 
from eggs which had been deposited 
shortly after the DDT was applied. 

Since airplane application of DDT is 
able initially to reduce adult fly popula- 
tions, the next problem is to consider the 
prolonged or semi-permanent effects of 
DDT spraying. It would be desirable to 
spray in such a manner that fly popula- 
tions would remain low for a relatively 
long period of time. In order to do this, 
there must be a carry-over from one spray 
period to another. The important con- 
sideration appears to be the time interval 
between effective treatments. As noted 
above, the peak population for the 14 
days following DDT applications was 
attained after about 8 to 10 days. There- 
fore, if sprayings were performed again 
within 10 days, a maximum population 
would be killed before the females had 
time to lay an appreciable number of eggs. 
If this situation were attained, fly popula- 
tions would be expected to increase more 
slowly, and they would reach a lower total 
during a given period following each 
successive spraying. This condition was 
not obtained by spraying with airplanes 
at approximately monthly intervals. Al- 
though Series III was not checked in 
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April, the third and fourth sprayings in 
June were succeeded by more rapid in- 
creases than in May. Similarly, Series II 
did not show slower increases after the 
last spraying. The third and fourth spray- 
ings in Series I were followed by increases 
which were slower than those following the 
first and second sprayings. At this time, 
garbage collection and general sanitation 
were markedly improved in the San 
Nicolas sector. This was a local condition, 
since the improvement was less well 
marked over other parts of the city. It 
is believed by the author that this im- 
provement in sanitation rather than air- 
plane spraying was responsible for the 
decreased fly populations and the conse- 
quent slower increase in population in 
San Nicolas. 

Theoretically, the refuse in any area 
would be able to maintain only a certain 
maximum fly population. When this 
maximum was attained, fly densities 
would be expected to remain constant as 
long as the amount of breeding medium 
remained approximately the same. There- 
fore, fly populations would be expected to 
increase following a spray application 
until the area’s ecological maximum were 
attained. It logically follows that the 
slower that rate of increase following a 
treatment, the longer the time to reach 
the maximum and the longer the period of 
reduced fly infestation. As noted above, 
the daily rate of increase following a given 
treatment was due to the rate at which 
eggs were deposited prior to spraying. If 
successive treatments had cumulative 
effects, it would be expected that the rate 
of recovery following each successive 
spray would be less. Thus, if treatments 
were close enough together, flies would 
have insufficient time to lay eggs, and 
fewer larvae would be produced. Conse- 
quently, adult fly populations would in- 
crease more slowly following each succes- 
sive application, and they would require 
a longer period to attain the area maxi- 
mum. Reference to figure 1 shows that 
populations generally tended to return to 
the pre-spray level within two to three 
weeks. Observations of August 4 did not 
show further increase in population after 
that length of time. It appears, therefore, 
that airplane spraying, as performed in 
Manila, markedly reduced fly infestations 
initially, but that there was little or no 
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carry-over from one treatment to the 
next. It may be concluded, therefore, that 
airplane spraying at 3 to 4 week intervals 
with DDT in diesel oil at the rate of 8 
ounces of DDT per acre is a method which 
will initially reduce fly populations almost 
to zero, but which will not maintain 
reduced fly infestations. 

Power Sprayine. In order to find a 
spray schedule which would result in 
slower increasing populations after suc- 
cessive treatments and, thus, longer 
periods of reduced fly infestation, two 
methods were considered. One of these 
was to apply insecticide on either succes- 
sive or on alternate days for a period of 
approximately 2 weeks. Theoretically, 
spraying at these intervals would result 
in a situation where flies were being killed 
almost as soon as they emerged. Since no 
new eggs were being deposited, it ap- 
peared to be possible to reduce flies and fly 
breeding to a minimum for a considerable 
period of time. However, as it would be 
impossible completely to eliminate all 
flies, it was anticipated that ultimately 
populations would reach the area maxi- 
mum within a few weeks. The other 
method considered was to spray at 
approximately 10-day intervals and thus 
reduce the infestations as they attained 
initial peaks following any given treat- 
ment. 

Airplanes were not available to test 
either method of application. The me- 
chanical difficulties involved in spraying 
large areas every day made the first 
method seem impractical. It was decided, 
therefore, to try out the latter method by 
using ground power equipment in a 
limited area. This also offered an op- 
portunity to test the efficacy of such an 
apparatus for adult fly control. A CWS 
decontaminator M-4 400 gallon sprayer 
mounted on a 2.5 ton truck chassis was 
used. This sprayer had a pump capacity 
of 35 gallons per minute. A mist of DDT 
in diesel oil could be thrown into the air 
to such a height that it readily drifted 
over two-story buildings. Checks on drift 
indicated that with a light breeze, par- 
ticles easily carried more than a biock. 
When applying the treatment, the truck, 

with nozzles directed into the air, was 
driven slowly up. each street in the test 
area. An uneven, but complete coverage 
was obtained with heaviest concentrations 
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truck. The treatments were applied at 
midnight when there was usually only a 
light breeze blowing. This also avoided 
the crowds which gathered during day- 
light hours. 

Series III in the Tondo section was 
selected for experimentation. Stations 1 to 
4 were used as controls, and 5 to 15 as 
experimental stations. This type of break- 
down was necessitated by the geographic 
location of the various stations. The ex- 
perimental stations were scattered over 
about eight city blocks. Because this 
area was small, it was anticipated that 
the migration of flies from adjacent un- 
controlled areas might present a problem 
which would prevent an accurate analysis 
of the population trends. However, this 
did not prove to be the case. Possibly 
this factor was minimized by the fact that 
all adjacent areas were dirty and quite 
attractive to flies. Thus, there may have 
been very little inducement, at least from 
a food and oviposition standpoint, for 
migration. One apparent migration fol- 
lowed the July 17 spraying and is dis- 
cussed below. 

The first power spraying was on June 
15. Table 1 shows the dates on which the 
area was sprayed with either airplane or 


Table 1.—Spray schedule in series III. 




















TYPE OF Lss. or DDT DaTE OF 
APPLICATION PER ACRE APPLICATION 
Airplane 0.5 June 4 
Ground 1.1 June 15 
Airplane 0.5 June 22 
Ground 1.7 July 3 
Ground 2.51 July 10 
Ground 0.2 July 17 
Ground 1.5 July 24 

1 DDT-water-xylene emulsion. 


power equipment. Higher concentrations 
of DDT were often used in the power 
spraying, and this factor must be con- 
sidered in evaluating results. All treat- 
ments except that on July 10 consisted of 
DDT in diesel oil. The July 10 application 
was a DDT water emulsion. 

Figure 2 shows the results of airplane 
and power spraying on the conte and 
experimental series from May 6, im- 
mediately after airplane spraying, to 
August 4. It will be noted that, up to the 
time of the first power spraying on June 
15, the two series followed essentially the 


of insecticide settling nearest to the spray ame population trends. Therefore, it was 
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concluded that the two series represented 
comparable populations and that the 
difference between them after June 15 
represented the degree of control obtained 
by frequent ground power spraying. All 
treatments effectively reduced fly densi- 
ties. Of the various concentrations used, 
the least effective was the water emulsion. 
This was true in spite of the fact that it 
was applied at a heavier concentration 
than any of the diesel oil treatments. On 
July 17, only 0.2 Ib. of DDT was used per 
acre, but the populations were effectively 
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Fic. 2.—Effect of ground power spraying on 
adult fly population 


reduced. In spite of this, on July 19 an 
extremely heavy population was found. 
Although migration from adjacent areas 
had not been a disturbing factor pre- 
viously, it appeared to be the only satis- 
factory explanation for the unusual in- 
crease experienced here. Studies of rates 
of increase for each individual station did 
not yield conclusive evidence, but they 
appeared to support the migration theory 
since populations of stations at the 
margins tended to increase more rapidly 
than those in the center of the experi- 
mental area. 

The final power spraying was done on 
July 24. If the July 17 spray is not con- 
sidered, it may be noted that, in general, 
population increases tended to become 
slower with successive treatments. The 
last application was followed by the 
slowest rate of increase observed in the 
tests. This was true in spite of the in- 
creased populations which had occurred 
after the previous spray application. 
Thus, it appeared that spraying at 10 day 
intervals did result in slower increases 
following successive applications. How- 
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ever, as noted above, it was not possible 
to check the duration of reduced popula- 
tions. In any case, the four power applica- 
tions in July which followed the last 
airplane spray in late June, materially 
reduced the fly infestation in the experi- 
mental area as compared with that in the 
control area (see figure 2). Although 
additional work is necessary in order to 
substantiate the trends indicated here, it 
is believed that treatments at intervals of 
about 10 days would offer an opportunity 
for effectively maintaining low popula- 
tions during the period of application and 
for some time following the final treat- 
ment. It is believed by the author that 
spraying at approximately 10-day in- 
tervals rather than daily would offer a 
more efficient use of DDT or any similar 
material. The duration of low infestation 
would probably be about the same follow- 
ing both programs, but the former would 
give reduced fly populations during the 
much longer period of spray application. 

Errects on Mosquito PopuLations. 
—Some observations were made on the 
effect of DDT on both larval and adult 
mosquito populations. Culex quinque- 
fasciatus made up more than 95 per cent 
of the mosquito infestation in Manila 
during the observation period. Larvae 
were found in great abundance in street 
gutters, tin cans, wells, etc. The degree of 
larvicidal action was found to be highly 
irregular after airplane spraying. At times 
mortality was as high as 95 to 98 per cent, 
but within the same block, other places 
showed little or no reduction in infesta- 
tion. No explanation for this can be 
offered at this time. However, it should be 
noted, that flies were observed to die in 
the immediate vicinity of gutters where 
no mosquito control was obtained. The 
use of one human baited trap indicated 
that although adult mosquitoes were 
reduced in numbers for from 1 to 3 days, 
little effect could be noted thereafter. 
Mosquitoes, both larvae and adults, 
were present in large numbers throughout 
the observation period. 

SumMARY AND Conc.iusions.—1l. The 
city of Manila was sprayed by airplane 
with DDT in diesel oil four times during 
the period from April through June 1945. 
The insecticide was applied at the rate of 
approximately one half pound per acre. 
Observations on adult fly populations in- 
dicated that spraying reduced the in- 
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festations to a level which approached 
zero. However, spray intervals of 3 to 4 
weeks were too long to produce cumula- 
tive effects. 

2. A ground power spray machine was 
used in a limited area to dispense DDT 
at approximately 10-day intervals. This 
method was effective in reducing fly 
populations. The carry-over due to suc- 
cessive applications was evidenced by a 
trend of more slowly increasing popula- 


Ossorn & Pups: Cairo Lortin1 D1stTRIBUTION 


755 


tions following each succeeding treat- 
ment. 

3. Observations of mosquito reduction 
were inconclusive. 

4, On the basis of these observations, it 
is suggested that the application of DDT 
at approximately 10-day intervals would 
be a satisfactory method for maintaining 
low adult fly populations both during 
treatment and for a period of time there- 
after. 
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Chilo loftini in California, Arizona, and Mexico 


H. T. Osporn and Grace R. Pures, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine’ 


Chilo loftint Dyar, a sugarcane pest of 
economic importance in western Mexico, 
was reported for the first time from 
California on November 28, 1944. In con- 
nection with the Special Survey in the 
General Vicinity of Ports of Entry the 
larvae were found boring in sugarcane and 
rice stubble in Imperial County near 
Calexico, located in the irrigated section 
of the Imperial Valley adjacent to the 
Mexican border. Immature forms, to- 
gether with reared adults from this and 
subsequent infestations in two counties 
(Imperial and Riverside) in California, 
were determined by H. H. Keifer, of the 
State Department of Agriculture at 
Sacramento, and-by H. W. Capps, of the 
U. S. Bureau of Entomology and Plant 
Quarantine, Washington, D. C. 

The survey for this stem borer extended 
from southern California into parts of 
Arizona and Mexico, and observations 
made of it in these two areas are also 
reported in this paper. Survey data here 
presented cover a period of 6 months, 
from November 1944 through April 1945. 

Lire History.—The life history of this 
moth, as related below, is based upon 

' Acknowledgment is made to C. G. Anderson and A. J. Han- 
son for their invaluable assistance as members of the survey 
party which was conducted under the leadership of the senior 
author, to G. J. Bergman for the preparation of the map, and 
to R. B. Swain for his helpful criticism of the manuscript. The 
authors are grateful to J. i. Singleton who was in field charge 
of the Special Survey in the General Vicinity of Ports of Entry, 


of which this project was a part; his suggestions for assembling 
the field data made it possible for them to present this paper. 


observations of this species as a sugarcane 
pest in the State of Sinaloa, Mexico, by 
Van Zwaluwenburg (1926) and Flanders 
(1930). Chilo loftint breeds throughout the 
year in sugarcane, rice, milo maize, and in 
many of the larger native grasses. It has 
approximately a three months’ life cycle. 
Eggs are deposited singly or in clusters, 
usually between the stalk and the leaf 
sheath, but they are sometimes placed 
directly on the leaf. The eggs hatch within 
a week in Sinaloa, and the larvae, after 
feeding upon epidermal tissue, ultimately 
gain entrance to the stalk or stem of the 
host plant.? 

In sugarcane the feeding of the larvae is 
characterized by a transverse tunneling 
just under the rind of the stalks. The last 
larval instar is “whitish with four longi- 
tudinal broken lines of purple-red” 
(Flanders 1930), and when mature is 
almost an inch in length. After the larva 
has prepared an exit from the tunnel under 
the rind to the outside, it pupates within 
a loosely spun cocoon. The adult is an 
inconspicuous, straw-colored moth, small- 
er than the adult of Diatraea lineolata 
Walker, the species with which Chilo 
larvae are so often associated in the stalks 
of sugarcane in western Mexico. 

Previousty RecorpDED INFESTATIONS. 

2 Holloway eé al. (1928, p. 11), who observed the larvae of 
Chilo loftint on sugarcane in Arizona, reported that this species 


“thas the distinctive habit of feeding on the leaves of cane until 
rather large, before entering the ie 
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—Chilo loftinit was reported by Morrill 
(1925), Van Zwaluwenburg (1926), and 
Flanders (1930) as a major pest of sugar- 
cane in the State of Sinaloa, Mexico. Van 
Zwaluwenburg (1926) also reported it 
from sugarcane in the states of Nayarit 
and Colima, Mexico, but found this 
species much more abundant in cane near 
Los Mochis, Sinaloa, where “85 per cent 
of all the stalks were infested and about 
14 per cent of all the joints.” As a result of 
a survey in 1929 of sugarcane borers near 
Culiacan, Sinaloa, Flanders (1930) at- 
tributed 75 per cent of the infestation in 
the joints to Chilo (remainder to two 
species of Diatraea), and stated that 
“Chilo loftini is the most uniformly dis- 
tributed and the most numerous of the 
three species of borers. From the stand- 
point of fabrication it is the most serious 
since it opens so many ‘portals of entry’ 
for the sucrose-reducing fungus, Col- 
letotrichum falcatum,” which causes the 
red rot of canes. Much of the breaking 
over of cane in the field by strong winds 
is attributed to the weakened condition of 
the stalks at the points where the trans- 
verse tunnelings of Chilo larvae occur. 

In previous years Chilo loftina had oc- 
casionally been reported from the United 
States infesting sugarcane in Arizona. 
Records of two infestations in Maricopa 
County, Arizona, are available. In No- 
vember 1921, Chilo pupae were collected 
from volunteer sugarcane near Marinette 
(Glick 1923), and the larvae of this species 
were reported by Holloway et al. (1928) 
attacking sugarcane and Johnson grass at 
Phoenix. C. loftini was described by H. G. 
Dyar (1917) from moths reared from cane 
by U. C. Loftin at Glendale, Ariz. but the 
exact origin of the infested cane from 
which these adults were reared is not 
known. Until the Chilo specimens from 
this survey were forwarded to the U. S. 
Bureau of Eutomology and Plant Quaran- 
tine, the Lepidoptera collection of the 
United States National Museum, Wash- 
ington, D. C., contained no material of 
this species from any locality in the 
United States except a few specimens 
received several years ago from Arizona. 

PLANT QUARANTINE INTERCEPTIONS 
FROM Mexico.—On a number of oc- 
casions insects identified by specialists as 
Chilo loftini and Chilo sp. have been found 
infesting sugarcane, lemon grass, and corn 
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offered for entry into this country from 
Mexico. These insects were intercepted in 
this material by inspectors of the Bureau 
of Entomology and Plant Quarantine and 
by State plant quarantine officers of 
California at ports of entry on the Mexi- 
can border. Records in the List of Inter- 
cepted Plant Pests (U. S. Bur. Ent. and 
Plant Quar., S.R.A., 1932-1945) show 
that, of the three states bordering Mexico 
in which ports of entry are maintained 
(California, Arizona, and Texas), in only 
California and Arizona have insects 


identified as the above been intercepted. 
These interception records from Mexico 
are as follows: C. loftini at California twice 
in sugarcane, at Arizona three times in 
sugarcane and twice in lemon grass; and 
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Fia. 1. Distribution of Chilo loftini. 


Chilo sp. at California once in sugarcane 
and twice in lemon grass, at Arizona 16 
times in sugarcane and twice in corn. 
Furthermore, C. loftini and Chilo sp. were 
intercepted from Mexico at Arizona a 
number of years prior to their first inter- 
ception at California. 

CALIFORNIA INFESTATION.—The sugar- 
cane in which the larvae of Chilo loftini 
were first found in California on Novem- 
ber 28, 1944, was part of a small patch 
growing in a back yard in Calexico, Im- 
perial County. Several larvae were found 
boring under leaf sheaths and into stalks 
in a manner recognized by the senior 
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author as similar to that of C. loftini. The 
rice field in which larvae of this species 
were found later in the same day was 
located near the Mexican border, about 4 
miles east of Calexico. The rice was being 
harvested on the day the infestation was 
discovered, and about 37 larvae were 
collected from stubble. Some of the larvae 
were submitted to the State Department 
of Agriculture for determination and the 
remainder kept for rearing. 
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later, larvae and pupae were collected 
from the same host near Blythe. No reared 
material was secured from infestations in 
this county. 

Host plants, together with the localities 
in the 9 California counties in which these 
infestations were found, are listed in table 
1. The specific localities are more or less 
grouped, and the general locality is 
represented by the town around which the 
majority of collections in that area were 


Table 1.—Hosts of Chilo loftini and localities in California, Arizona, and Mexico where infes- 
tations occurred, as determined by survey from November 1944 through April 1945. 








| 
CALIFORNIA 


ARIZONA | 





Host 


Imperial Co. 


Rivanide | Yous Cé Mexico 


Co. | 





Seeley 
Bard 


Barley 

Bristlegrass (Setario lutescans) 
Bulrush (Scripus sp.) 

Canna (Canna sp.) 

Corn Holtville 

Grass (Echinochloa sp.) Curlew, Niland 
Johnson grass (Sorghum helepenee)) Bard 


Calexico 


Lemon grass (Cymbopogon citratus) 
Bard 


Millet (wild) 


Brawley, Curlew 


| 
| 


| Somerton 
| Somerton 
Coachella, | Somerton, Parker 
Blythe 





Mexicali 





Calexico, El] Centro, | San Luis San Luis 
Holtville, Seeley 

Pampasgrass (Cortaderia selloana) | 

Rice | Brawley, Calexico, El 


| Centro, Imperial, San- 


Milo maize 


| Coachella San Luis 


Parker 





dia, Seeley 

Sudan grass (Sorghum vulgarae | Bard, Calexico 

var. sudanense) 
Sugarcane 


Unidentified grass | Calexico 


_ Calexico, Imperial 


| San Luis, Somerton 


Yuma 











On November 28 and 29, and during 
December and the first weeks of January, 
larvae rather than pupae were invariably 
present in the green stems or old stalks of 
host plants. By the latter part of February 
pupae were noticeably abundant. In rice 
stubble in the vicinity of Calexico the ratios 
of pupae to larvae collected on February 
21 and 22 were 37 to 52 and 35 to 465, 
respectively. Moths were seen to be 
emerging from rice stubble in April. 
Adults of C. loftini were reared from im- 
mature forms collected from rice, milo 
maize, sugarcane, lemon grass, and Echi- 
nochloa sp. in Imperial County. 

On March 1, the first infestation of 
Chilo loftini was found in Riverside 
County, California. The larvae were at- 
tacking Johnson grass approximately 7 
miles south of Coachella. About 3 weeks 


made. In Imperial County immature 
forms of Chilo were found in the stems and 
stalks of 13 different hosts, including rice, 
milo maize, sugarcane, sweet corn, and 
barley. In Riverside County this species 
was collected from only two hosts, both 
grasses, in two localities approximately 
80 miles apart. (See map: Fig. 1.) 

The degree of infestation for a specific 
area is based on the number of immature 
forms collected and the subsequent adults 
reared that were submitted for identifica- 
tion from that area. In addition, the 
degree of infestation is based on field data 
included in the daily reports while the 
survey was in progress. The heaviest 
general infestation was found in Imperial 
County in rice east and west of Calexico 
along the Mexican border, and north in 
the Imperial Valley to just beyond El 
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Centro. Heavy but local infestations oc- 
curred in rice north of Sandia; in milo 
maize in the El Centro-Seeley area, and 
northeast of Holtville; and in the native 
grass, Echinochloa sp., west of Curlew. 

Damage by Chilo loftini to the 1944 rice 
and milo maize crops, harvested in the 
vicinity of Calexico and El Centro in 
December, was observed by the senior 
author. In no case were larvae found in 
numbers great enough to have caused a 
measurable reduction in the amount of 
rice harvested, nor was the infestation of 
one large planting of milo maize in this 
section sufficient to have a _ noticeable 
effect on the yield of the field as a whole. 

Survey IN Arizona.—For 5 months, 
December 1944 through April 1945, in- 
spections were made in Arizona in the 
western part of Yuma County, adjacent 
to California. Chilo loftini was reported for 
the first time in this survey from Arizona 
on January 19, when both larvae and 
pupae were found in the stalks of milo 
maize about a mile west of San Luis. The 
heaviest infestation observed in Yuma 
County also occurred in milo maize in this 
area. Subsequently infestations of five 
other hosts, including sugarcane and field 
corn, were found between the Mexican 
border and the city of Yuma. In March 
Chilo larvae were found in rice growing in 
the irrigated valley just south of Parker, 
more than 110 miles north of the border 
infestation. The host plants and the 
locality in Yuma County in which each 
infestation was found are listed in table 1. 
During this survey adults of C. loftini were 
reared from immature forms collected 
from milo maize, sugarcane, and Johnson 
grass in Arizona. (Fig. 1.) 

As far as can be determined from avail- 
able literature, Chilo loftini had previously 
been reported from Arizona only from 
Maricopa County (Glick 1923; Holloway 
et al. 1928). Presumably the Parker in- 
festation is the most northern record for 
this species, being about 40 miles north 
of Marinette, Maricopa County (Glick 
1923). 

Survey In Mexico.—As a matter of 
interest in locating Chilo infestations in 
sections of Mexico more or less contiguous 
to the United States, arrangements were 
made in February 1945 by O. A. Pratt, 
of the Bureau of Entomology and Plant 
Quarantine, with Josué Zamora y Gon- 
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zales, of the Mexican Department of 
Agriculture, to accompany survey workers 
into Mexico. Inspections were made in 
two Mexican States, Baja California and 
Sonora, which border on California and 
Arizona, respectively. 

On February 8 a survey was madeof 
two areas approximately 10 miles south- 
west and southeast of Mexicali. Since all 
sugarcane in this section had previously 
been cut, milo maize and grasses were 
examined for borers. A moderate infesta- 
tion was found in the southwestern area 
only, where larvae were collected from 
the stems of lemon grass. 

On February 10 inspection in Mexico 
was carried out around San Luis, where 
sugarcane, milo maize, canna, and grasses 
were examined. During 7.5 man-hours 
spent examining the stems and old stalks 
of milo maize, one borer was found in a 
dried stalk; all stems of one clump of 
pampas grass were found to be infested 
with Chilo larvae. 

On February 26 and 27 sugarcane and 
grasses were suspected in three localities 
along the western coast of Mexico. No 
specimens of Chilo loftini were found, nor 
was there any evidence of this species in 
any of the stalks of plants examined. 

During the 4 days of inspection no 
severe infestation of this species was 
encountered either in sugarcane, milo 
maize, grasses, or canna in the areas sur- 
veyed in Mexico. A summary of Chilo in- 
festations found during this brief survey in 
Mexico is given in table 1. No adults were 
reared from the larvae collected near 
Mexicali (Baja California) or San Luis 
(Sonora), Mexico. 

Summary.—Chilo loftini Dyar, a lepi- 
dopterous stem borer belonging to the 
family Crambidae and recognized as a 
sugarcane pest in Mexico, was reported 
for the first time from California on 
November 28, 1944, when it was found in 
sugarcane and rice stubble in the vicinity 
of Calexico. It had previously been re- 
ported from the United States as attack- 
ing random plants of sugarcane in 
Arizona. 

Plant quarantine records show that 
Chilo loftini and Chilo sp. have frequently 
been intercepted as California andArizona 
ports of entry on the Mexican border. _ 

According to survey records covering 
the period November 1944 through April 
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1945, the heaviest and most extensive in- 
festation of Chilo loftint in California 
occurred within the irrigated section of 
the lower Imperial Valley, where im- 
mature forms of this moth were found in 
the five crop plants, rice, milo maize, 
sugarcane, corn, and barley, as well as in 
several grasses. This borer apparently 
caused no appreciable reduction in either 
the rice or the milo maize crop, harvested 
in December 1944, in the Calexico-El 
Centro section of the Valley. Light in- 
festations were reported from widely sep- 
arated localities in Riverside County. 
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Survey in Arizona and Mexico in areas 
adjacent to California revealed only 
spotty infestations of Chilo loftini, the 
most severe occurring in Arizona in milo 
maize west of San Luis. 

Presumably, the following new locality 
records in Arizona and Mexico have been 
established by this survey: In Arizona, 
from Yuma County between the city of 
Yuma and the Mexican border, and also 
near Parker, the most , orthern record for 
this species; in Mexico, near Mexicali in 
Baja California and at San Luis in Sonora. 
—7-20-46. 
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Effects of DDT on the Body Louse’ 


Gass W. Eppy and N. B. Carson’, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The effect of DDT on the body louse, 
Pediculus humanus corporis Deg., has 
been extensively studied since 1942 at the 
Orlando, Fla., laboratory of the Bureau of 
Entomology and Plant Quarantine. Bush- 
iand et al. (1945) described experiments 
which established the military specifica- 
tions for a DDT louse powder and re- 
ported briefly on the rate of insecticidal 
action of this material. Special studies 
have been made on speed of knock-down, 
rate of kill, and ability of the lice to feed 
and to defecate during exposure to DDT. 
The observations made during these stud- 
ies are reported herein. 

It is generally believed that the most 
important method by which typhus fever 
is transmitted is not directly through the 
bites of the body louse, but by inoculation 
with feces or crushed bodies. Feces con- 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the 
Ottice of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. 

2S/Sgt., U.S.A.A.F., assigned from Army Committee on 
Acrial Dispersal of Insecticides, Orlando, Fla. 


taining the Rickettsia organism may be 
rubbed or scratched by the host into skin 
abrasions, and thereby cause an infection. 
The time required for a treatment to kill 
lice or to prevent further feeding and 
defecation is not believed to be an impor- 
tant factor in the breaking up of a typhus 
epidemic by mass delousing. However, 
rapidity of action is especially important 
from the standpoint of psychological re- 
actions to the use of an insecticide, and 
also in connection with prophylactic treat- 
ment of various scientists and other unin- 
fested individuals who may be working in 
areas in which typhus has reached epi- 
demic proportions. 

SPEED OF KNOCK-DOWN AND Kitu.—In 
one test, to obtain information on the 
speed of knock-down and kill of freshly 
fed lice, 100 young adults (50 females and 
50 males) were placed on cloth pads 1-inch 
square that were thoroughly dusted with 
10 per cent of DDT in pyrophyllite. The 
lice were kept in open petri dishes at a 
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temperature of 30° C. and a relative hu- 
midity of approximately 80 per cent. 
Hourly records were taken over a period 
of 20 hours. 

In another test, to determine whether or 
not the lack of a blood meal affects the re- 
sistance of lice to DDT, two groups of 100 
lice each were starved for 14 and 24 hours, 
respectively, before they were exposed to 
the DDT. 

The results of both these tests are pre- 
sented in table 1. Lice starved for only 14 
hours were less resistant to DDT than 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 39, No. 6 


hours, the remainder appeared dead when 
viewed with the unaided eye. After 20 
hours all the lice were considered dead. 
Lice starved for 24 hours were mark- 
edly less resistant than freshly fed lice. 
After 4 hours 98 per cent of the starved 
lice were knocked down, as compared 
with only 62 per cent of the freshly fed 
lice. After 13 hours all the lice starved for 
24 hours were dead, whereas only 50 per 
cent of the freshly fed lice were dead. Ex- 
periments in this laboratory have shown 
that lice can be starved for 24 hours with 


Table 1.—Condition of lice after exposure for different lengths of time to cloth pads dusted with 10 


per cent of DDT in pyrophyllite.' 








LENGTH 
OF 


FresHxy Fep Lice 


Lice STARVED FoR 24 Hours 





ExPosurRE 


(Hours) Knocked- 


Affected Down 


Normal 


Dead 


Knocked- 


Affected Down Dead 


Normal 





100 
27 72 
9 89 
38 
6 


1 
14 
19 
33 
47 
50 
60 
66 
72 
78 
83 
96 

100 


1 
2 
3 
4 
5 
6 
7 
8 
9 


96 4 
10 71 19 
39 61 
2 98 
100 
100 
100 
100 
100 
100 
100 
100 





1 Lice classified as “Normal” could craw] with complete coordination of body movements; “affected” could crawl, but not with 
complete coordination of body movements; “knocked-down” could not crawl but still alive as evidenced by antennal, gut, or other 
body movement (usually such lice could not cling to cloth); “dead” showed no visible sign of life as determined by the use of a 


binocular microscope. 


were the freshly fed lice, but the difference 
was not great. 

In the first test, after exposure for 1 
hour none of the lice were considered af- 
fected. After esposure for 2 hours how- 
ever, many of the lice had the “DDT 
tremors” and crawled but little. All the 
lice might have been classified as affected 
but, even though tremors were evident, 
some had the ability to crawl with com- 
plete coordination of body movements 
and were therefore classified as normal. 
At the end of 4 hours, 62 per cent of the 
lice were considered knocked down and 
after 5 hours 94 per cent. Although only 
half the lice were dead at the end of 13 


negligible mortality, and for 48 hours with 
less than 50 per cent mortality. 

The resistance of lice to an insecticide 
is affected by several factors. Among 
these are temperature, humidity, age of 
lice, time lice have gone without blood, 
and time and methods under which they 
have been reared in the laboratory. For 
instance, head lice taken from natural in- 
festations were found to be far less re- 
sistant than the body lice present in our 
laboratory colony. However, after head 
lice were reared under laboratory condi- 
tions for several generations they then be- 
came more resistant than head lice taken 
from natural infestations. 
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Asiuity oF Lice To Freep AFTER Ex- 
POSURE TO CLOTH IMPREGNATED WITH 
DDT.—Besides the rapidity with which 
a treatment renders the louse incapable of 
feeding, there are other equally or more 
important factors that effect the success 
of a louse-killing material, such as its 
long-lasting property. To determine the 
ability of the lice to feed after exposure 
to DDT, 220 young adult lice (110 males 
and 110 females), which had been starved 
for 6 hours, were placed on white broad- 
cloth freshly impregnated with 2 per 
cent of DDT. These lice were exposed 
for periods ranging from 15 minutes to 6 
hours. The data on the sexes were actually 
tabulated separately, but since no signifi- 
cant differences were noted between the 
sexes the figures were combined. 

After exposure for 15 minutes, 20 speci- 
ments were selected at random and given 
an opportunity to feed; all 20 lice en- 
gorged. After exposure for 1 hour they 
still appeared to have no difficulty in tak- 
ing blood. All the lice engorged after they 
had been exposed for 2 hours, but some of 
them required a longer time to feed than 
did those which fed after exposure for 1 
hour. Almost 50 per cent of the lice fed 
after 3 hours and 20 per cent fed after 4 
hours. However, only 1 out of 40 lice fed 
after being exposed for 5 hours and none 
fed after 6 hours. About half the lice that 
did not engorge after the 3- and 4-hour 
exposure periods pierced the skin in an ef- 
fort to take blood. The bites of the one 
louse which fed after 5 hours were felt 
“sharply” several times before it was able 
to draw blood. When the effects of the 
DDT had reached a certain stage, the 
tremors became so severe that the louse 
simply could not “‘sit still” long enough to 
take a blood meal. 

None of the lice were knocked down 
after 2 hours’ exposure, but the per cent 
knocked down after 3, 4, 5, and 6 hours 
was 2.0, 57.5, 62.5, and 100 per cent re- 
spectively. These results are similar to 
those obtained with the 10 per cent pow- 
der (Table 1), although comparative tests 
were not made. 

DEFECATION OF Lice CONFINED ON 
CLotH ImpreGNATED with DDT.—To 
obtain information on the rate at which 
lice defecate, about 1 yard of white broad- 
cloth was impregnated with 2 per cent of 
DDT. A total of 60 lice—20 males, 20 fe- 
males, and 20 second-stage nymphs— 
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were allowed to feed on the arms of the 
authors. While the lice were feeding, the 
arm was kept under a binocular micro- 
scope so that close observations could be 
made. Some of the lice defecated continu- 
ously and in large amounts throughout 
their feeding, while other defecated only 
intermittently and in small amounts. 
However, fecal material was voided at 

least once by all the lice under observation. 

No attempt was made to determine the 

amount or number of defecations while 

the insects were feeding. 

After the lice fed they were divided into 
two lots, each lot containing 10 males, 10 
females, and 10 nymphs. The lice in one 
lot were confined individually under petri 
dishes on small pieces of treated cloth, and 
the lice in the other lot were confined on 
untreated cloth. Once an hour, after each 
examination, the pieces of cloth were 
either turned over or were discarded. 

Since it was found too difficult to deter- 
mine the amount of maierial voided by 
the louse, only the number of defecations 
were counted. Portions of the excrement 
hardened into fecal specks similar to those 
voided by the housefly, whereas other por- 
tions hardened to form lumps. Each speck 
or lump was recorded as a defecation. The 
results obtained in these studies are shown 
on table 2. 

After 1, 2, and 3 hours the total defeca- 
tion of the lice exposed to the treated 
cloths was about twice that of the unex- 
posed lice. The defecations made by the 
insects on the treated cloths decreased 
rather sharply after the fourth hour and 
none were noted after the ninth hour, 
whereas detecations made by the controls 
remained about the same. The 29 defeca- 
tions of males shown for the 9-24 hour ex- 
posure period indicate a marked decrease 
in the number of defecations. It is known 
from past observations that a small 
amount of fecal material is voided until 
the starved louse is about to die. 

The number of defecations recorded for 
the females was greater than for the males 
and nymphs, and since this was true for 
both the exposed and unexposed females, 
the amount of blood taken was believed 
responsible. 

Knock-pown oF Lice ExposEep To 
PyRETHRUM.—For purposes of compari- 
son, records on the effect on lice of 
pyrethrum, which is one of the most rapidly 
acting insecticides, are noted here. Ac- 
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cording to Bushland et al. (1944), the time 
required for the MYL formula, which con- 
tains pyrethrum as the primary toxicant, 
to effect complete knock-down and to 
render lice incapable of taking a blood 
meal is much shorter than that required 
by DDT. Lice were completely immobi- 
lized when exposed to MYL powder for 15 
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did not occur until after 20 hours. Lice 
starved for 24 hours were less resistant to 
DDT than freshly fed lice. 

Almost 50 per cent of the lice exposed to 
cloth impregnated with 2 per cent of DDT 
continued to feed for 3 hours but were 
knocked down in 6 hours. 

Defecation of lice was stimulated dur- 


Table 2.—Defecation of 30 lice (10 of each stage) exposed to DDT and of the same number of 


unexposed lice. 








NuMBER OF DEFECATIONS 





ExPosuRE Lice exposed to DDT 


Unexposed lice 





Prriop 


(Hours) Males Females 


Nymphs 


Males Nymphs 


Females 





19 
19 
26 
16 
6 
0 
1 
0 
0 


12 
15 
12 
14 
11 
11 
14 
16 


29 


10 
16 12 
17 10 
16 9 
26 9 
12 10 
20 9 
37 17 


11 


18 
19 
12 
11 
2 
g 
0 
0 
0 





minutes, and hungry lice were unable to 
feed after 10 minutes’ exposure. With 
freshly fed lice, about 50 per cent were 
killed in 6 hours and 100 per cent after 10 
hours’ exposure. 

SummMary.—During the investigations 
on the effectiveness of DDT against the 
body louse, Pediculus humanus corporis 
Deg., observations were made on the 
speed of knock-down, kill and ability of 
lice to feed and to defecate after exposure 
to this material. 

Lice exposed to a 10 per cent DDT-py- 
rophyllite powder were completely im- 
mobilized in 6 hours. Complete mortality 


ing the first 4 hours’ exposure to DDT, 
but thereafter the rate of defecation 
dropped sharply and none was recorded 
after 10 hours, whereas the defecation of 
unexposed lice remained about the same. 

For purposes of comparison, lice ex- 
posed to MYL powder, which contains 
pyrethrum as the primary toxicant, have 
been reported to be completely im- 
mobilized when exposed for 15 minutes, 
and hungry lice were unable to feed after 
10 minutes. With freshly fed lice, about 50 
per cent were killed in 6 hours and 100 per 
cent were found to be dead after 10 hours’ 
exposure.—10-1-46. 


LITERATURE CITED 


Bushland, R. C., L. C. McAlister, Jr., G. W. Eddy, H. A. Jones, and E. F. Knipling. 1944. Develop- 
ment of a powder treatment for the control of lice attacking man. Jour. Parasitol. 30(6): 377-87. 

Bushland, R. C., L. C. McAlister, Jr., H. A. Jones, and G. H. Culpepper. 1945. DDT powder for the 
control of lice attacking man. Jour. Econ. Ent. 38(2): 210-17. 





Mr. Richard Lewis Post has accepted an ap- 


pointment as Associate Entomologist in the North 
Dakota Agricultural Experiment Station at Fargo. 
Mr. Post was an officer in the Coast Guard for sev- 
eral years during the war and previous to that time 
had served as Curator of the Entomological Collec- 
tion at Oregon State College. Earlier, Mr. Post had 
been employed in the Ward’s Natural Science 
Establishment at Rochester, New York. 





Further Tests of the More Promising Materials 
Against the Body Louse’ 


Gaines W. Eppy and N. B. Carson,? U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


About 7500 synthetic organic com- 
pounds? have been tested at the Orlando, 
Fla., laboratory of the Bureau of Ento- 
mology and Plant Quarantine to deter- 
mine their knock-down or paralytic 
properties against the body louse, Pedic- 
ulus humanus corporis Deg. A few com- 
pounds of plant origin were also tested. 
These tests were made from April 1942 
through October 1945. This paper deals 
only with compounds giving knock-down 
of lice in 1 hour or less. 

Materials giving quick knock-down are 
desirable for use in the control of insects 
and prevention of insect-borne diseases. A 
fast-acting insecticide is also desirable 
because the average person judges an 
insecticidal preparation by its knock- 
down property, and usually fails to recog- 
nize the value of a slow-acting but yet 
highly effective material. 

The knock-down and lasting qualities of 
pyrethrum have been reported by Bush- 
land et al. (1944). When tested alone, as 
little as 0.3 per cent of pyrethrins (pre- 
pared from 20 per cent pyrethrum extract) 
gave knock-down of lice. Although py- 
rethrum has been in a class by itself for 
many years, from the standpoint of 
knock-down, it no doubt will be replaced 
in time with some synthetic material. 
The materials listed herein appear to 
offer some leads for further research. 

MarerRtaALts AND Metuops.—The 
beaker test method, which was used to 
determine the initial toxicity and duration 
of effectiveness of different materials 
against the body louse, was also used to 
obtain information relative to knock- 
down (Bushland et al. 1944). Usually the 
data on speed of knock-down and the 
toxicity and lasting properties of the 
material were obtained in the same step. 

Circular woolen cloth pads, 1.5 inches 
in diameter, were dipped into 1 per cent 

1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medic -’ Research, from the 
Office of Scientific Research and Develc » :ent to the Bureau of 
Entomology and Plant Quarantine. 

2S/Sgt., U.S.A.A.F., assigned from Army Committee on 
Aerial Dispersal of Insecticides, Orlando, Fla. = 

3 Some of these compounds were prepared by the Division of 


Insecticide Investigations; others were obtained from commer- 
cial producers. 


acetone solutions of the test materials. 
Compounds not soluble in acetone were 
dissolved in chloroform, benzene, alcohol, 
water, or some other suitable solvent. In 
some cases suspensions of the materials 
were tested. The pads were hung on pins, 
allowed to dry for 1 to 2 hours, and then 
placed in 50-ml. beakers together with 10 
young adult lice. The lice were kept at a 
temperature of 86° F. (30° C.) and a 
relative humidity ranging from 70 to 85 
per cent. Examinations were made after 
15 and 30 minutes and after 1 hour. Lice 
that were unable to crawl or to cling to 
the pads were considered knocked down. 

The toxicological tests of many of the 
materials were made by the United States 
Food ‘and Drug Administration. 

Resutts.—The compounds have been 
divided into three groups, according to 
their effectiveness, and are arranged 
alphabetically within each group. The 
materials listed in the first group gave 
complete (100 per cent) knock-down of 
lice in 15 minutes, those in the second 
group in 30 minutes, and those in the 
third group in 1 hour. 

MatTeRIALs Givinc CoMPLETE KNOcK- 
Down 1Nn 15 Minutes.—Only 30 mate- 
rials gave complete knock-down of lice in 
15 minutes. Although these materials 
represent the most toxic compounds 
tested against lice, they appear also to be 
about the most toxic to man. When con- 
sidering possible use against lice, several 
points other than their speed of knock- 
down must be taken into consideration. 

Esters of thiocyanic acids were found to 
possess good knock-down properties. Some 
of the materials were effective as ovicides 
but not as long-lasting louse killing in- 
secticides. Since thiocyanates are known 
to be fairly toxic to man, they were not 
considered as possible insecticides for lice. 

The amines represent the largest group 
in the list of materials giving knock-down 
in 15 minutes. As a chemical group they 
proved exceptionally good as knock-down 
agents and fairly good as ovicides, but 
they were toxic for only a short time. 
These materials are also generally con- 
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sidered toxic to man. Several 
compounds in the list fall into the same 
class with the amines, since they are too 
toxic to man, stain badly, or have some 
other objectionable feature which would 
prevent their being used in most louse- 
killing preparations. 

2-Pivalyl-1,3-indandione was found to 
be a good ovicide as well as a good louse 
killer. Toxicologists of the United States 
Food and Drug Administration found the 
material safe for use in powder form at a 
concentration of 1 per cent or less. The 
material is almost as long-lasting as 
DDT, and is superior to DDT in speed of 
kill and in ovicidal effect. However, at 
concentrations (5 to 10 per cent) required 
for good results as a louse killer the mate- 
rial is considered too toxic for use on man. 
The material stains clothing and, being 
somewhat soluble in water, is removed by 
laundering. 

Benzene hexachloride also proved out- 
standing in its knock-down and long- 
lasting qualities, but was found to be a 
poor ovicide. Clothes impregnated with 
this material did not withstand washing 
as did those impregnated with DDT. 
Perhaps the main objection to this com- 
pound is its strong musty odor, although 
the French (Raucourt 1945) are known to 
have used it in powder form against body 
lice. The effectiveness of the material 
depends largely on the content of its 
gamma isomer. Some of the other isomers 
of benzene hexachloride are also toxic, but 
to a lesser degree. 

Indole gave good kill of louse eggs; how- 
ever, it failed to show lasting value as an 
insecticide. Toxicologists have found it 
safe to use in powder form in certain louse- 
killing preparations. 

Some of the anthranilic acid esters 
proved rather effective as knock-down 
agents and ovicides, but their effectiveness 
was of short duration. Other of these 
esters did possess long-lasting properties, 
but since they failed to give knock-down 
of lice they are not included in this paper. 
The samples of secondary and tertiary 
butyl esters, which gave knock-down in 15 
minutes, may have contained impurities. 

MareriAts Giving Complete Knock- 
Down 1n 30 Minutes.—Twenty-eight 
compounds gave knock-down in 30 min- 
utes. Many of these materials are also 
known to be toxic to man. Only three of 
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these compounds showed exceptional ovi- 
cidal and long-lasting properties. These, 
arranged in the order of their toxicity, 
were omega-piperidinododecylbenzene, 
o-nitroaniline, and amino tolyl methy| 
ether. Unfortunately, the first two com- 
pounds failed to pass toxicological tests. 

MatTeRIALs Givinc CoMPLETE Knock- 
DOWN IN 1 Hour.—A total of 119 com- 
pounds gave knock-down of lice in 1 hour. 
Approximately half of these failed to pass 
toxicological tests, and many others either 
stained badly or had an objectionable 
odor. Materials used against lice should 
not only be fast-acting, but should be 
ovicidal and long-lasting as well. Most of 
the compounds tested lacked one or more 
of these properties. 

The 10 compounds found to be the 
most effective and long-lasting were 
chloromethyl p-chlorophenyl — sulfone 
(Lauseto neu); chloromethyl phenyl sul- 
fone; pentachlorophenol; 1,10-dipiperidi- 
nodecane; 3-butoxy-2-cyclohexene-1-one; 
dodecylmorpholine; 4,6-dinitro-o-cresol; 
difluorodiphenyl disulfide; piperonylace- 
tonitrile; and 2-benzylpyridine. 

Of the 1l-hour group the 8 most toxic 
ovicides, listed in the order of their ap- 
parent effectiveness, were chloromethyl 
p-chlorophenyl sulfone, diflurodipheny| 
disulfide, isoquinoline, 4,6-dinitro-o-cresol, 
N-allylaniline, p-ethoxypropiophenone, 
pentachlorophenol, and p-ethoxybenzalde- 
hyde. 

A few of the materials in this group 
retained their effectiveness for several 
days. The 10 compounds that were both 
ovicidal and long lasting were chloro- 
methyl p-chloropheny] sulfone, difluorodi- 
phenyl disulfide, chloromethyl phenyl 
sulfone, pentachlorophenol, 4,6-dinitro-o- 
cresol, 1,10-dipiperidinodecane, 3-butoxy- 
2-cyclohexene-1-one, piperonylacetonitrile 
2-benzylpyridine, and dodecylmorpholine. 

Factors Inrivencina Resutts.—It 
can readily be seen that many of the more 
effective compounds would prove un- 
desirable as lousicides, owing to their 
toxicity to man, their tendency to stain, 
and their objectionable odor. However, in 
some cases the toxicity may be due to 
impurities. Impurities can sometimes be 
removed and odors can often be masked. 
Temperature and relative humidity are 
known to have a direct bearing upon the 
potency of some chemicals. Bertrand 
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(1919) foynd that the action of chloropi- 
crin on grain weevils was accelerated by a 
slight rise in temperature. Moore (1936) 
obtained a greater kill of California red 
scale, Aonidiella aurantit (Mask.), with 
hydrocyanic acid gas at lower tempera- 
tures than at fairly high temperatures. In 
experiments with methyl bromide against 
the confused flour beetle, T’ribolium con- 
fusum Duv., Fisk & Shepard (1938) 
obtained.a greater kill at high than at low 
humidities, whereas in tests with hydro- 
cyanic acid against the red scale Quayle 
& Rohrbaugh (1934) obtained less kill at 
high than at low humidities. A low 
temperature has been found to increase 
the speed of knock-down of houseflies, 
Musca domestica L., exposed to DDT 
(Lindquist et al. 1945). 

The extent to which humidity in- 
fluenced the results obtained is not known. 
Although most of the research done in the 
past on the effects of temperature and 
humidity has been conducted with fumi- 
gants, it appears that the variations in 
results depend a great deal upon the 
species of insect and the insecticide in- 
volved. To vary both these factors for 
each individual compound tested was 
considered impractical. However, in one 
experiment comparative tests were made 
with 29 compounds. One lot was held at a 
relative humidity of 80 per cent and the 
other one at approximately 22 per cent for 
1 hour. Of the 29 compounds tested, 28 
gave identical results at the two humidi- 
ties. o-Methoxypropiophenone showed 
some variation. It gave 100 per cent 
knock-down at 80 per cent humidity but 
only 30 per cent knock-down at 22 per 
cent. 

A number of materials showed fumi- 
gating action. No doubt the time allowed 
for the solvent to evaporate after the 
cloth was dipped eliminated a number of 
possible fumigants, especially the highly 
volatile materials. However, no attempt 
was made to prevent fumigation, since 
such information might prove of value 
later. Some materials, such as benzo- 
dioxene and p-methoxystyrene, appeared 
to volatilize, or perhaps decompose, so 
rapidly that it was necessary to place the 
lice on the cloth soon after it was dipped. 
In this way it was possible to determine 
the knock-down properties of materials 
which otherwise might have been missed 
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entirely. With a few materials the lice 
were completely immobilized in 1 hour 
but were normal at the end of 24 hours. 


MarteriAts Givinc CoMPLETE KNock-DOWN 
oF LicE 1n 15 Minutes 


Anthranilic acid, sec-butyl ester 
Anthranilic acid, tert-butyl] ester 
Anthranilic acid, methy] ester 
Benzene hexachloride, crude 
Benzodioxene 
Benzylmorpholine 
Bis(2-ethoxy-2-butyl-n-hexyl)amine 
Bis(2-ethoxyamyl)amine 
Bis(2-ethoxy-3-methylamy])amine 
2-Chloro-6-nitroioluene 
2,5-Dichloroaniline 
5,8-Dimethyl-1-tetralone 
Dinitro-o-sec-butylphenol 
N-Dodecylpiperidine 
Indole 
2-Isovaleryl-1,3-indandione (Valone) 
p-Methoxystyrene 
N,N-Pentamethyleneglycine, cyclohexyl] ester 
N-(2-Phenylethy])piperidine 
2-(N-Piperidino)isobutylamine 
2-Pivalyl-1,3-indandione (tert-butyl Valone) 
Propylenediamine 
thrins 

Thiocyanic acid, p-bromopheny] ester 
ber og acid, 2-(2-butoxy ethoxy)-ethyl ester 

807% 
Thiocyanic acid, p-iodopheny] ester 
Thiocyanic acid, n-octyl ester 
Tri-n-amylamine 
Tris (ethylaminomethy]l)phenol 
alpha, beta, beta-Trimethylglycidic acid, amy] ester 


MarteriAts Giving ComPLEeTE KNock- 
DOWN OF LIcE IN 30 MINUTES 


Acetomesitylene 
omega-Allylacetophenone 
2-Amino-1-phenylethy! ethyl ether 
Aminotolylmethy] ether 
Anisic acid, mer in ester 
Anthranilic acid, ethyl ester 
Anthranilic acid, isobutyl ester 
4-Bromoacetophenone 
4-Chlorobutyrophenone 
4-Chloro-2-nitrotoluene 
2-Chloroquinoline 
Coconut oil fatty acids, beta-thiocyano-ethyl ester 
(Lethane 60) 
Crotonic acid, benzyl ester 
(1-Cyclohexeny])allylacetonitrile 
2-(1'-Cyclopentenyl)cyclopentanone 
alpha-Decalone 
alpha, beta-Dibromo-beta-nitroethylbenzene 
Ethyl 2,4,6-trimethylbenzy] ether 
Mesitaldehyde 
4-Methoxypropiophenone 
N-Methylanthranilic acid, methyl ester 
alpha-Methy] indole (crude) 
$-Methyl-1-phenyl-2-butanol 
o-Nitroaniline 
2-Octoxyethylmethy] ketone 
omega-Piperidinododecylbenzene 
1,2,8,4-Tetrachlorobutane 
Tributenylamine 
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Mareriaus Giving Comp.tete Knocx- 
DOWN OF LicE IN 1 Hour 


Acetic acid, 2-benzoyl-2-methyl-1,3-propanediol di- 
ester 

Acrylic acid, 2-dibutylaminoethy] ester 

Alkylbenzy] ethyl ethers 

N-Allylaniline 

(2-Allyleyclohexylidene)acetonitrile 

Allyl p-methoxybenzy] ether 

p-Allyloxypheny] bromide 

2-Amoxycyclohexanol 

N-(n-Amy])succinimide 

Anethole 

Anisaldehyde 

Anisonitrile 

Anthranilic acid, n-propyl ester 

Anthranilic acid, isopropyl ester 

Benzophenone 

2-Benzoy]-2-methy]-1,3-propanediol crotonaldehyde 
acetal 

2-Benzylpyridine 

N-Benzylpyrrole 

Bicyclo-(2,2,1)-heptene-2,3,-dicarboxylic acid, di- 
ethy] ester 

Bicyclo-(2,2,1)-heptene-2,3-dicarboxylic acid, me- 
thyl ethyl ester 

Bipheny] 

Bis(2-thiocyanoethyl)ether 

p-Bromobenzonitrile 

4-Bromo-o-toluidine 

p-Butoxybenzaldehyde 

3-Butoxy-2-cyclohexene-l-one 

N-Butyl-1,2,3,6-tetrahydrophthalimide 

Butyric acid, 2-benzoy]-2-methyl-1,3-propanediol di- 
ester 

Butyric acid, 1-phenylethy] ester 

Carbonic acid, benzy] ethyl ester 

Carbonic acid, ethyl p-chloropheny] ester 

Carbonic acid, p-toly] ethyl ester 

2-Chloroally] 2-(toloxy)ethyl ether 

p-Chlorobenzoic acid, ethy! ester 

p-Chlorobenzonitrile 

p-Chlorobenzy] cyanide 

Chlorocarvacrol 

2-(2-Chloro-4-ethylphenoxy) ethanol 

p-Chloro-alpha-methoxystyrene 

Chloromethy] p-chloropheny] sulfone (Lauseto neu) 

Chloromethylpheny! sulfone 

$-p-Chlorophenoxy-1,2-propylene-oxide 

1-(p-Chloropheny]!)-2-butanol 

1-(p-Chloropheny])-3-ethyl-2-pentanol 

Chlorothymol 

4-Chloro-3,5-xylene 

alpha - Cyano - beta-ethylidene-alpha-propylvaleric 
acid, ethyl ester 

4-Cyclohexylcyclohexanone 

2-Cyclohexylidenecyclohexanone 

Cyclopropane-1-acetyl-1-carboxylic acid, butyl ester 

Decahydro-1-naphthol 

trans-beta-Decalone 

N,N-Diamylacetamide 

N,N-Diisoamylacetamide 

Di-n-amy] ketone 

o-Dibromobenzene 

Difluorodipheny] disulfide 

N,N-Dimethylanthranilic acid, methy] ester 

2,3-Dimethy]-2-octenenitrile 

4,6-Dinitro-o-cresol 

1,4-Dioxaspiro-(4,4)-nonane-6-carboxylic acid, ethyl 
ester 

1,10-Dipiperidinodecane 

Dodecylmorpholine 
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Ephedrine 
o-Ethoxybenzaldehyde 
p-Ethoxybenzaldehyde 
p-Ethoxypropiophenone 
2-Ethylchromanone 
2-Ethylchromone 
Ethylidenemalonic acid, diethy] ester 
N-Ethyl-N-phenylurethane 
Furfurylidene acetone 
N-(2-Furfurylidene)-o-toluidine 
Furylacrylic acid, ethy] ester 
Hexachloro-2,5-cyclohexadiene-l-one (“Hexachloro- 
phenol”) 
4-(0-Hydroxybenzyl)morpholine 
o-Hydroxyvalerophenone 
o-Iodonitrobenzene 
p-lodophenetole 
Isobuty] phenyl] carbinol 
p-Isopropoxyacetophenone 
p-Isopropoxybenzaldehyde 
N-Isopropylacetanilide 
alpha-Isopropylidenesuccinic acid, diethyl] ester 
Iso-quinoline 
Menthol 
2-Methallyl-4-methylcyclohexanol 
p-Methoxyacetophenone 
o-Methoxypropiophenone 
1-Methylbenzothiazole 
alpha-Methylepoxy-(4-methyleyclohexylidene) ace- 
tic acid, methy] ester 
2-Methyl-1-indanone 
MethylphenyInitrosoamine 
N-Methyl-N-phenylurethane 
3-Methyl-2-propyl-2-hexenenitrile 
2-Methyl-3-propyl-2-hexenenitrile 
7-Methylquinoline 
Nicotyrine 
p-Nitroanisole 
m-Nitrophenyliodochloride 
Octylamine 
Oil of anise seed 
Oil of parsley seed 
PD-544-C, broad fraction (mixture of methyl and 
polymethyl! naphthalenes) 
Pentachlorophenol 
Piperonylacetonitrile 
Propionic acid, 2,4-dinitropheny] ester 
Propiophenone oxime 
p-n-Propoxybenzaldehyde 
Salicylic acid, allyl ester 
Salicylic acid, isopropy] ester 
Sebaconitrile 
2,3,4,6-Tetrachlorophenol 
1,2,3,4-Tetrahydroquinoline 
Thiocyanic acid, n-tetradecy] ester 
3-0-Toloxy-1,2-propylene oxide 
2-0-Tolylethanol 
Velsicol AR-50 (chiefly mono- and dimethyl- 
naphthalenes) 
Vinyl] mesity] ketone 


SumMary.—Approximately 7500 com- 
pounds were tested from April 1942 
through October 1945 to determine their 
knock-down effect on the body louse. 
Pediculus humanus corporis Deg. The 
materials were tested at a concentration 
of 1 per cent in acetone or some other 
suitable solvent. Circular woolen cloth 
pads were dipped into these solutions, 
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allowed to dry for 1 to 2 hours, and then 
placed in 50-ml. beakers together with 10 
young adult lice. During the tests the lice 
were held at a temperature of 86° F. 
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Of the compounds tested 29 gave knock- 
down of lice in 15 minutes, 29 in 30 
minutes, 120 in 1 hour. The lasting 
properties, the ovicidal properties, and 


certain other characteristics of some of the 
better materials are also discussed.— 
7-16-46. 


(30° C.) and a relative humidity of ap- 
proximately 75 per cent. Examinations 
were made after 15, 30 and 60 minutes. 
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Flea Repellents for Use on Clothing’ 


J. P. Linpuska, J. H. Cocnran, and F. A. Morton, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


In studies made at the Orlando, Fila., 
laboratory of the Bureau of Entomology 
and Plant Quarantine in 1942 certain 
materials, such as dimethyl phthalate, 
Rutgers 612 (2-ethyl-1,3-hexanediol), and 
Indalone (n-butyl mesityl oxide oxalate), 
which were issued to military personnel as 
mosquito repellents were also found to 
protect against biting by fleas when ap- 
plied to the skin (Lindquist et al. 1944). In 
1944 particular attention was given to the 
testing of chemicals that would repel fleas 
when impregnated in cloth. The results of 
preliminary tests of 112 compounds or 
mixtures, together with practical tests of 
several of these materials impregnated in 
uniforms, are reported in this paper. 

The fleas used, Ctenocephalides canis 
(Curt.) and C. felis (Bouché), were reared 
in the laboratory (Linduska e¢ al. 1946). 

PRELIMINARY TeEsts.—Acetone solu- 
tions of selected repellent materials or 
mixtures of these materials were im- 
pregnated in khaki cotton-twill strips, 3 

1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the 


Office of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. 


by 18 inches, at the rate of 8 grams of re- 
pellent per square foot. The strips were 
dried and then waved around, one ata 
time, in a washtub containing several 
thousand adult fleas. One end of the strip 
was held about an inch from the bottom 
of the tub, and in a few seconds 50 or 
more fleas were present on the strip. The 
cloth was then raised over the tub, out of 
jumping range of the fleas, and held in 
that position for 30 seconds. The fleas 
remaining on the cloth were then counted. 
Untreated strips were exposed concur- 
rently as checks. Exposures and counts for 
each material were made in triplicate. 
The repellency was evaluated as per cent 
reduction in the number of fleas on the 
treated cloth below the number on the un- 
treated cloth. 

In similar tests against mosquitoes it 
was found that the treated fabric must 
contact the skin before valid measure- 
ments of repellency could be obtained. 
This method of screening materials as 
flea repellents was checked by a simulated 
practical test in which chemically treated 
fabrics were worn in contact with the 
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skin. Women’s cotton hose were im- 
pregnated with some of the materials used 
in the previous tests at the rate of 8 grams 
of repellent per square foot.- The test 
subject wearing the hose stood in a tub 
containing several thousand adult fleas. 
The number crawling above the knee line 
in a 4-minute exposure was compared with 
the number reaching the same place 
when untreated hose were being worn. 
The relative repellency rating of materials 
tested by the two procedures was very 
similar, and it appeared that a reliable 
rating could be obtained without having 
the treated fabrics contact the body. 

The results obtained with the treated 
fabric method are listed below, in order of 
effectiveness: 


Chemicals Giving 91 to 100 Per Cent Reduction 


alpha-Decalol 100 
2,3,4,6-Tetrachlorophenol 100 
2,3,4,6-Tetrachlorophenol 50%-+ p-phenyl- 
henol 50% 100 

2-Hydroxy-3-methoxybenzaldehyde 100 
alpha-Naphthol 2100 
2,4,6-Trichlorophenol 100 
2,3-Dimethoxybenzaldehyde 2 98 
alpha-Naphthylamine 98 
2,3,4,6-Tetrachlorophenol 50%+-2-chloro-4- 

pheny] phenol 50% 98 
p-iso-Prophylphenylethy] alcohol 2 98 
p-n-Propoxybenzaldehyde 
N-sec-Buty! phthalimide 
5-Hydroxy-1,3-dimethylbenzene 
2,4,5-Trichlorophenol 
Hexachlorophenol 
1-(p-Methoxypheny])-2-methy]-1,3-propandiol 

methylene ether 
1,2,3,4-Tetrahydro-2-naphthol 
Benzoic acid, benzy] ester 
p-Methoxyacetophenone 
p-tert-Butylphenol 
Pentachlorophenol 
Alkyl benzy] ethers of ethylene glycol 
4-Methoxy 3-methyl-acetophenone 
Chlorothymol 
Pyrocide 160 (pyrethrins 20%) 
2,6-Dichloro-4-tert-amylphenol 


Chemicals Giving 76 to 90 Per Cent Reduction 

2-Hydroxy-3-methoxybenzaldehyde 
Acetic acid, 2-phenoxyethy] ester 
Monocyclohexy] ether of dipropylene glycol 
o-Hydroxydipheny] 89 
Anisic acid, methyl ester 89 
Pyrocide 160 50% +-piperony] cyclohexenone 

50% 89 
Dinitro-o-sec-butylphenol 89 

Methoxybenzy] alcohol 89 

ta-Hydroxyethyldodecylamine 88 
Monocyclohexy] ether of diethylene glycol 88 
Mandelic acid, ethyl ester 88 
N-Buty]-1,2,3,6-tetrahydrophthalimide 88 


2In Lawes agg 4 tests made by the U. S. Food and Drug 
the: 


Administration, these materials were found safe (from an irrita- 
tion standpoint only) for further tests. 
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2-Phenylcyclohexanol 

Anthranilic acid, n-propy] ester 
Hexahydrophthalic acid, diethy! ester 
Mandelic acid, isobuty] ester 
N-Propylphthalimide 
1-(p-Chloropheny])-3-methyl-2-butanol 
Phenylcyclohexanone 

Pyrocide 160 50% +-N-isobutylundecylenamide 


50% 
beta-Naphthol 
p-Nitroanisole 81 
N,N-Dipropylsuccinamic acid, ethyl ester 81 
opionic acid, pentamethylene diester 80 
2(2-Chlorophenoxy)ethanol 78 
o-Nitroaniline 77 
Chemicals Giving Less Than 76 Per Cent Reduction 
p-Anisidine 
Piperonal (heliotropine) 
3-Bromo-4-hydroxydipheny] 
2,6-Dimethylnaphthalene (Velsicol E-prime) 
cis-Bicyclo(2,2, 1-5-heptene-2,3-dicarboxylic 
acid, dimethyl 
Benzene hexchloride (hexachlorocyclohexane) 
2,4-Dinitro-o-cresol 
4,4-Dimethyl-2-phenyltetrahydrooxazole 
N-n-Propylacetanilide (N-n-Propyl-N-phenyl- 
acetamide) 
2-Nitro-2-methyl-1,3-propanediol butyralde- 
hyde acetal 
2-Ethylbutyric acid, 1,4-butanediol diester 
2,4-Dinitrobromobenzene 
8-Ethoxy-4-hydroxybenzaldehyde 
N-beta-Chlorethy] trichloroacetamide 
1-Benzyl-cyclohexanol-1 
$,5-Dinitro-o-cresol 
3-Methyl-4’-bromodipheny] 
Piperony] alcohol 
2,3-Dichlorobutyramide 
Phthalic acid, dimethyl ester, 60%, Rutgers 
6-12 20%, and Indalone 20% (6-2-2 mixture) 
Bicyclo-(2,2,1) heptene-2,3-dicarboxylic acid, 
diethyl ester 
2(2,4-Dichlorophenoxy)ethanol 
ey oxide oxalic acid, n-buty] ester (Inda- 


SEFEERES 


Cyclohexyleyanoacetic acid, ethyl ester 

2,4-Dinitrophenol 

Lauric acid, ammonium salt (anhyd.) 

Tonkene P (mixture of coumarin and phth- 
alide) 

Epoxymethylpheny] acrylic acid, ethyl ester 

dl-Malic acid, n-buty] ester 

2-(o-Hydroxypheny])-1,3-dioxolane 

5,8-Dimethy]-1-tetralone 

N-Methylacetanilide 

Phthalic acid, dimethy] ester 

Ethy] vanillin 

2,2,3-Trichloropropionamide 

Coumarin 

Valone 

2,4,7,9-Tetramethyl-5-decynediol-4,7 

DDT (1-Trichloro-2,2-bis(p-chloropheny])- 
ethane) 

2,5,7-Trimethyl-3-octynediol-2,5 

Caproic acid, 1,2-propanediol diester (85%) 

Acetic acid, 2,2’-thiodiethanol diester 

Lauric acid, propylene glycol monoester 

Decahydro-2-naphthol 

Vanillin 

2-Ethyl-2-buty]-1,3-propanediol 
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m-Dinitrobenzene 35 

n-Decaldehyde (Aldehyde C-10) 32 

N-(mixed monoamy]) imide of 3,6-endomethy- 
lene-4-cyclohexene-1,2-dicarboxylic acid 30 

Lethane 384 special (an aliphatic thiocyanate) 30 

2,4-Dinitroanisole 29 

Thanite (mixture of fenchyl and borneol thio- 
cyanoacetates 

Catechol) 

Dibuty] isobutylcarbinol 

Naphthenic acid, glyceryl ester 

n-Buty] sulfone 

Phenylethy] malonic acid, diethy] ester 

2-ethylhexanediol-1,3 

Ethyl-beta-methyl cyanosuccinate 

Phenoxyacetic acid 


Only 6 of 112 compounds gave 100 per 
cent control, according to the arbitrary 
standards established for screening tests, 
but 20 others gave 91 to 98 per cent. 
The combination of dimethyl phthalate, 
Rutgers 612, and Indalone (known as the 
6-2-2 mixture) was less than 75 per cent 
effective. As skin repellents these mate- 
rials were previously found to prevent 
insect bites when used individually at full 
strength (Travis et al. 1936). None of the 
compounds prevented fleas from jumping 
onto the test strips, but the more effective 
ones caused all fleas to leave the strips 
within 10 seconds. 

The possible toxicity and irritation to 
man of many of the compounds tested is 
not known, and some may be unsuitable 
for use. 

Practica, Trsts.—Tests were also 
made to determine the protection pro- 
vided against fleas by clothing impreg- 
nated with repellents. Military fatigue 
pants were impregnated with several of 
the better mosquito repellents, together 
with a few materials that were found to 
be the most effective against fleas in the 
screening tests. Trouser legs and socks 
were dipped into a repellent that was suf- 
ficiently diluted with acetone to give an 
impregnation of 5 grams of chemical per 
square foot. To facilitate observing the 
number of fleas crawling beneath clothing, 
only the legs of the trousers, which had 
been cut off, were treated. With this ar- 
rangement it was convenient to look into 
the tops of the cut-off trouser leg at inter- 
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vals and observe the number of fleas on 
the legs and the distance they had 
crawled. Subjects wearing clothing treated 
with different materials on each leg were 
exposed by standing for 15 minutes in a 
tub containing several thousand fleas. On 
subjects wearing untreated clothing sev- 
eral hundred fleas reached the belt line 
in 2 to 3 minutes. 

The protection obtained with the 
compounds tested is given below: 
2-Pheynlcyclohexanol 

Good. Few on socks. None crawled up trouser legs. 
p-iso-Prophylphenylethy] alcohol 

Good. Few on socks. None crawled up trouser legs. 
1,2,8,4-Tetrahydro-2-naphthol 

Good. Few on socks. None crawled above sock 

line, none on trouser legs. 
Benzyl] benzoate 
Fair-good. Comparatively few on socks and 
trouser leg. No bites. 
Indalone 
Fair. Many on socks: none crawled above knee 
either inside or outside trouser leg. 
Dimethyl phthalate 60%, Rutgers 6-12 20%, and 
Indalone 20% (6-2-2 mixture) 
Fair—poor. Many crawled above sock line. One bite 
above sock. 
Dimethyl! phthalate 
Fair-poor. Many on socks. Several bites through 
socks. One bite at waist line. 
Rutgers 6-12 

Ineffective. Several hundred above sock line in 3- 

minute period. 


SummMarYy.—Tests for repellency to 
fleas were made on 112 compounds or mix- 
tures by impregnating cloth strips and 
exposing them to heavy flea populations. 
At least 26 materials were strongly repel- 
lent to fleas and gave over 90 per cent 
reduction. Several materials impregnated 
in clothing were found to have the same 
order of repellency previously established 
in screening tests. Benzyl benzoate and 
2-phenyleyclohexanol were found to be 
considerably more effective as clothing 
treatments against fleas than the insect 
repellents (dimethyl phthalate, Jndalone, 
and Rutgers 6-12) issued for use by the 
armed forces. p-iso-Prophylphenylethyl 
alcohol and 1,2,3,4-tetrahydro-2-naphthol 
also gave complete protection, but their 
possible toxic or irritating properties have 
not yet been established. 
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An Oil-DDT Vapor Spray to Control 
Grape Leafhopper 


Paut R. Jones, L. C. GLover and Roy Hansserry! 


When DDT was made available for 
widespread experimental work in 1944, 
the Shell Oil Company, Incorporated, 
received allocations which permitted mod- 
erately extensive field tests in addition to 
laboratory work. With no information as 
to specificity, it was decided to con- 
centrate the work on control of grape 
leafhopper* for the following reasons: 

1. Applications were made before blos- 

soming, eliminating residue problems. 

2. Large tonnages of raisins needed by 

the Armed Forces were endangered 
by attacks from this pest. 

. Pyrethrum extract, previously used 
in controlling the pest, was not avail- 
able. 

The use of atomized oils containing 
pyrethrum extract for the control of grape 
leafhopper in California and Arizona is a 
well established practice. Their effective- 
ness rests largely on the development of a 
special atomizer for their application 
(Fig. 1). With this Johnson vapor machine 
approximately 4 gallons per acre are 
applied at a cost of $1.30 to $1.75 per acre 
for materials and $1.00 to $1.50 for use ot 
machine and crew. Most grapes are 
sprayed by contract operators rather than 
with grower-operated machines. 

FieLp ExPERIMENTs IN 1944.—In 1944 
tests, which were located at the Sierra 
Vista Ranch of the Di Giorgio Fruit 
Corporation near Delano, California, 
covered 100 acres and included several 
varieties of grapes. Concentrations of 
DDT ranging from 0.05 to 2.4 per cent by 
weight were used in a vapor spray oil base 
blended from highly refined kerosene and 
a light grade spray oil. Numerous stand- 
ard or check plots were sprayed with the 
same base containing 3.0 per cent: by 
volume of 20 to 1 pyrethrum extract’ 


1 Paul R. Jones was Senior Technologist, Technica] Products 
Department, Shell Oil Company Incorporated, San Francisco 
(now retired). L. C. Glover and Roy Hansberry are Senior En- 
tomologist and Director, respectively, Shell Agricultural Labo- 
ratory, Modesto, California. 

2 In the San Joaquin Valley where most of the work was done 
a elegantula (Osborn) was most prevalent. In the 
Salt River Valley in Arizona both Erythroneura variabilis 
(Beamer) and Diakroneura cockerelli (Gillette) were present. 

3 Sold by Shell Oil Company, Incorporated, under the trade 
mark Vapona No. 1. 


(0.046 per cent pyrethrins by weight in 
finished spray). 

The Johnson vapor sprayer was used 
in the tests, applying the test materials 
at the rate of 4 gallons per acre. 

Although there was no immediate 
knockdown of the leafhoppers, such as 
occurs with pyrethrum, the three highest 
concentrations (0.6, 1.2 and 2.4 per cent) 
gave complete control of the leafhoppers. 
Observations made later in the season 
showed that these vines remained sub- 
stantially free from leafhopper infestation, 
even on new foliage grown subsequent to 
application. 


Fic. 1.—Special atomizer designed to produce 
vapor spray. 


Applications were made in the spring 
when new growth was from 8 to 24 inches 
in length. At this time all leafhoppers 
present were overwintering adults. In 
cases where eggs had been laid before ap- 
plication, nymphs hatching from eggs 
were apparently killed upon hatching 
since no nymph population developed on 
the DDT sprayed plots, although plentiful 
on pyrethrum plots. This observation was 
confirmed by the 1945 work. 

Fretp EXPERIMENTS IN 1945.—The 
1945 experiments were designed to cover 
a wide range of conditions. Following the 
limited experimental work with DDT in 
1944 a field survey was made of all the 
vineyard areas where grape leafhoppers 
existed in injurious numbers. From this 
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the 1945 experiments were located in 
the Salt River Valley in Arizona, the 
Coachella Valley in Southern California 
and in the San Joaquin Valley of Cali- 
fornia. These experiments included about 
15,000 acres of vineyard with 25 different 
varieties of raisin, table, and wine grapes. 

The experiment was designed to deter- 
mine, under practical field conditions, the 
initial kill and the residual effect on both 
adults and nymphs of the grape leaf- 
hopper, and to obtain further knowledge 
on any factors arising from the extensive 
use of a new insecticide. 

The materials used in 1945 contained 
0.6, 1.2, and 2.4 per cent DDT by weight. 
The DDT is in solution in a special 
petroleum oil base consisting of approxi- 
mately nine parts of a highly refined 
kerosene and one part of a light spray oil. 
This blend of oils has a minimum U. R. 
of 92.0 per cent. 

Pyrethrum was used as a check mate- 
rial. This was the same oil blend as was 
used with DDT, It contained 3.0 per cent 
pyrethrum by volume. 

Application of the spray was made with 
several types of equipment. A Johnson 
Vapor spray machine or a modification of 
this machine was used in most vineyards. 
These machines usually carry 50 gallons 
of spray. This is pumped to two semi- 
fishtails with openings 16X1 inch and 
delivered into the center of the air stream 
from a tube, with holes in each side, 
running the length of the fishtail. Air in 
one type machine is supplied by one 5 
inch outlet centrifugal blower mounted 
horizontally, and more commonly, from 
two 4 inch outlet centrifugal blowers 
mounted vertically. The fishtails are set 
low and directed upward in order to hit 
the lower surfaces of the leaves. Motive 
power for the fan is furnished by a sepa- 
rate power unit. 

Four additional types of machines were 
used in Arizona and in the Coachella 
Valley. These included a standard Hardie 
Estate Sprayer with a 2-nozzle gun op- 
erated manually, and a Vapo-duster, 
normally used for applying tartar emetic 
for thrips control in Arizona citrus 
orchards. This sprayer had all of the 
nozzles blocked off except the two lowest 
and gave good coverage although the 
droplet size was somewhat larger than 
desirable. In the Coachella Valley a Bean 
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Duster converted for vapor application 
was used but gave only fair coverage with 
large droplets, apparently because of an 
insufficient air blast. One of the early 
models of the Todd Insecticidal Fog Ap- 
plicators was used in Arizona and gave 
good initial kills although the residual 
toxicity apparently did not last as well as 
with the other types of sprayers. With 
this varied equipment surprisingly good 
kill was obtained even where coverage 
was poor or where spraying was done 
under poor conditions, particularly in 
windy weather. 

All materials used in the San Joaquin 
Valley were applied with Johnson Vapor 
Spray Machines or some modification of 
this machine. Dosage varied from about 
3 to 5 gallons of spray per acre. The 
majority of the acreage treated received 4 
to 4.5 gallons per acre. Pyrethrum was 
used as a check material. 

Pretreatment counts were made not 
longer than 48 hours before the spray was 
applied. In many blocks the pretreatment 
counts were made a few hours before 
treatment. Post-treatment counts were 
made during a period of 48 to 120 hours. - 
Other observations of adult leafhoppers 
and counts of nymphs were made at 30, 
60, and 90-day intervals following treat- 
ment. 

Counts were made by hand spraying 
individual vines with a spray consisting 
of 5 per cent of a 20-1 pyrethrum con- 
centrate in a kerosene-type carrier. As 
leafhoppers fell they were collected on 
large black cloths spread under the vines 
and counted. 

Much of the spraying was done during 
daylight but a large amount of night 
spraying was done on the Di Giorgio 
farms in Arvin. Conditions were nearly 
perfect during the late evening. The oil 
vapor fog hung over the vineyards some- 
times for 20 to 25 minutes. In the larger 
vineyards the Johnson Vapor Spray Ma- 
chines were operated in pairs, threes, or 
fours. This method of application gave 
excellent coverage of the foliage. All 
treatments except with the Todd In- 
secticidal Fog Applicator were made by 
operating a machine on every other 
center. One 25 acre block was treated in a 
wind ranging from 15 to 20 miles per 
hour with excellent results. In this case 
the machine was operated on every center. 
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DDT Resipve on Grapes TREATED 
AFTER BLossominG.—Nearly all of the 
treatments on grapevines were made be- 
fore bloom. A few were treated during 
bloom. It was thought desirable to treat a 
few vines after blossoming in order to de- 
termine the amount of DDT residue re- 
maining on the fruit at harvest time. 
DDT Vapona at 0.6, 1.2, and 2.4 per cent 
by weight was applied to three varieties 
of grapes, Thompson Seedless, White 
Malaga, and Carignane, on May 29. Five 
gallons of Vapona per acre were applied 
when the grapes were in the buckshot 
stage of development. Grapes were 
harvested at different times from the 
treated vines and from untreated vines. 
Grapes harvested at maturity were ana- 
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lyzed for DDT by W. M. Hoskins, De- 
partment of Entomology, University of 
California at Berkeley. Results are as 
follows: 
From 5.0 to 2.6 parts per million for 0.6 
per cent DDT Vapona 
From 1.6 to 3.2 parts per million for 1.2 
per cent DDT Vapona 
From 3.5 to 5.8 parts per million for 2.4 
per cent DDT Vapona 
Tue Errect or DDT Vapor Spray on 
BenericiaL Insects.—The lady beetle 
Hippodamia convergens Guerin was nu- 
merous in both pyrethrum and DDT 
sprayed blocks after treatment, indicating 
no deleterious effect on this insect. 
Specimens of the Hymenopterous egg 
parasite Anagrus epos Girault were nu- 


Table 1.—Control of Grape Leafhoppers—Sierra Vista Ranch, San Joaquin Valley. 








Pre- Post- 
TREATMENT TREATMENT 
ADULTS ADULTS 


VARIETY MATERIAL PER VINE PER VINE 





Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 


.6% DDT Vapona 
.6% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.4% DDT Vapona 
.4% DDT Vapona 
.4% DDT Vapona 


2.4% DDT Vapona 


42. 
368. 
50. 
190. 
207. 
114, 
103. 
153 
378. 
152. 
84. 
155. 
152. 
37. 
48. 
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.0% Pyrethrum Vapona 37. 
.0% Pyrethrum Vapona 313. 
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Ribier 

Ribier 

Ribier 
Emperor 
Emperor 
Emperor 
Emperor 
Emperor 
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Red Malaga 
Red Malaga 
Muscat 
Muscat 
Burger 

Black Monukka 
Cornichon 
Cornichon 
White Malaga 
Wine Grapes 


.6% DDT Vapona 
.6% DDT Vapona 
.2% DDT Vapona 


.0% Pyrethrum Vapona 


.6% DDT Vapona 
.6% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 


.0% Pyrethrum Vapona 


.6% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
-4% DDT Vapona 
.2% DDT Vapona 
"2% DDT Vapona 


55. 
98. 
27. 
57. 
128. 
28. 
63. 
45. 
18 
35 
59. 
157 
47 
47. 
33. 
35. 
28. 
54. 
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merous in vineyards sprayed with DDT 
V apona. 

Some blocks of White Malaga, Emperor, 
and Ribier grapes were infested with mites 
before treatment. These grapes have a 
hairy underleaf surface. The mite was 
determined by Dr. H. H. Keiffer of the 
California State Department of Agricul- 
ture, as Tetranychus willametti. There 
was no apparent difference in the infesta- 
tion on the pyrethrum and the DDT 
treated blocks at the end of the sea- 
son, 

Resutts.—The results of work done on 
the Di Giorgio Fruit Corporation’s Sierra 
Vista Ranch is typical of all the area in 
the San Joaquin Valley and is summarized 
in table 1. This part of the experiment 
included 2359 acres of vineyard. Other 
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ber. On the other hand, blocks sprayed 
with pyrethrum developed high popula- 
tions of adults and nymphs a week to a 
month after treating. On July 16 the 
pyrethrum blocks at Sierra Vista Ranch 
were all retreated, and a third treatment 
was necessary in August to reduce leaf- 
hopper populations. In spite of three treat- 
ments more leafhoppers were present 
throughout the season than where a single 
early application of 0.6 per cent DDT 
Vapona was made. 

In the Coachella valley inferior ap- 
plication equipment was used. At the 
time of treatment the coverage was so 
poor little control was expected. The 
results given in table 2 show that even 
under these conditions adequate to ex- 
cellent control was obtained, especially 


Table 2.—Control of grape leafhoppers. Vineyard Area—Coachella Valley—California. 








VARIETY ACRES MATERIAL 


PER 
CENT 
REDUCTION 


Post-TREATMENT 
Ave. Count 
PER VINE 


PRrE- 
TREAT- 
MENT 





Ave. 
Count 
per 
vine 


Adults— 
21 days 





.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.2% DDT Vapona 
.4% DDT Vapona 
.4% DDT Vapona 
Thompson 9 .4% DDT Vapona 
Thompson 295 .4% DDT Vapona 
Thompson One block 3.0% Pyrethrum Vapona 


Thompson 5 
Thompson 20 
Thompson 200 
Thompson 200 
Thompson 140 
Tnompson 140 
Thompson 200 


© 2 0 Oe Oe ee 


88 
73 
64 
42 
200 
201 
250 
467 
55 
250 


“ 
o 


nooooewos: 


97.0 
97.0 
97.5 
95.0 
99.0 
99.0 
99.0 
97.0 
98.5 


Oo 


2 
SO ml OD © DH CO 


2. 0 
Retreated 
with DDT 


Vapona 


~2 WO 0 > = © OOO 


_ 
o 





areas in the experiment included the 
following acreage. Salt River Valley, 129, 
Coachella Valley, 1209 (summarized in 
table 2) Northern San Joaquin Valley, 
2400, Central San Joaquin Valley, 2159, 
Delano area exclusive of the Sierra Vista 


Ranch, 2525, and the Southern San 
Joaquin Valley, 3956, making a total of 
14,737 acres. 

Observations made June 5, July 16, 
August 16, and September 25, 1 to 4 
months after treatment, showed that 
leafhopper populations did not build up 
appreciably on DDT sprayed plots until 
after most varieties were harvested. 
Where large blocks were sprayed the 
population stayed low through Septem- 


with 2.4 per cent DDT Vapona. This 
observation was responsible for the deci- 
sion to market a Vapona containing 2.4 
per cent DDT‘ even though the 1.2 per 
cent product gave good results under 
average conditions. 

During 1945 field experiments were run 
in the vineyard at the Shell Agricultural 
Laboratory at Modesto, California. On 
this limited acreage more frequent counts 
and observations could be made than on 
the extensive acreage in other areas. In 
addition foliage that had received the 
DDT sprays in May was caged and adult 
grape leafhoppers placed in the cage for 


4 Now sold by Shell Oil a Compaen Incorporated, under the 
trade mark Vapona No. 1 
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Table 3.—Residual toxicity of DDT Vapor and emulsion to the grape leafhopper—Modesto, 
California. 








Foutace Cacep 82 Days 
AFTER SPRAY APPLICATION 


Fourace CaGcep 75 Days 
AFTER SPRAY APPLICATION 





Total after 
7 days 


Total after 
7 days 


Alive Dead 


Per 
cent 
Dead Dead 


Total 
in 5 
cages 


Total 
in in 

Check (Untreated) 125 118 ‘ 125 112 13 
2.4% DDT Vapona 125 93 ; 125 80 35 
1.2% DDT Vapona 125 71 e 125 67 58 
0.6% DDT Vapona 126 110 7 r 125 86 39 
Medol Light spray oil+-5% DDT" 123 123 11 112 
Medol Light Medium spray oil+5% 


DDT! | 124 0 


Total 
in 5 
cages 








TREATMENT Alive 





| Total 


11.6 
28.0 
46.4 
31.2 
91.0 








100.00 | 121 0 121. =—100.00 





_} The Medol oils are standard type emulsive summer oils to which were added 5% by weight of technical DDT. The resulting emul- 


sive DDT-oil was emulsified using 1.5 gallons oil per 100 gallons water and applied with a standard orchard spray gun at 


of 1.5 to 2 gallons per vine. 


7-day intervals. The cages were of the 
sleeve type and were 10 inches in diameter 
and 12 inches long, covered with bleached 
muslin. Cages were placed so five leaves 
were in each cage. Twenty-five adult leaf- 
hoppers were placed in the cage and the 
outer end tied. Five replicates were used 


and a secon«. test was set up immediately 
following the first test. Results are sum- 
marized in table 3. Although substantial 
toxicity is still shown from light vapor 
DDT sprays 85 days after treatment, the 
remarkable residual toxicity of the oil 
emulsion containing DDT is especially 
noteworthy. However, this application 
was comparatively slow and drenching 
sprays were applied to each vine. Since 
the vapor sprays gave good results, the 
emulsion spray probably would not be 
commercially practicable in California. 

SummMary.—Field tests totalling 100 
acres were conducted in one vineyard 
during the 1944 season. Concentrations 
ranging from 0.05 to 2.4 per cent by 
weight of DDT were used. Results in- 
dicated a residual effect. Concentrations 
of 0.6 per cent by weight or higher were 
necessary for complete kill of adult leaf- 
hoppers. Pyrethrum was used as a check 
material. 

In 1945 field tests were conducted in the 
Coachella and San Joaquin Valleys of 
California and in the Salt River Valley of 
Arizona. The greater part of the 1945 
work was done using a spray containing 
1.2 per cent DDT by weight. Concentra- 
tions of 0.6 and 2.4 per cent by weight 


e rate 


were also used together with pyrethrum 
controls. 

Applications were made with Johnson 
V apor Sprayers, singly or in banks of 2, 3, 
or 4, a Hardie Estate Sprayer, a Bean 
V apo-duster, a modified Bean duster, and a 
Todd Insecticidal Fog Applicator. The 
dosage ranged from about 3 gallons to 5 
gallons per acre. 

Counts of leafhopper populations were 
made previous to treatment, immediately 
following treatment, and at 1, 2, and 3 
month intervals after treatment. 

Residue tests were conducted on three 
varieties of grapes. Determinations of 
DDT spray residue at harvest showed a 
maximum of 5.8 parts per million of DDT 
with the highest concentrations used, 
that is, 2.4 per cent DDT applied at the 
rate of 5 gallons per acre to grapes in the 
buckshot stage. 

No foliage injury was noted. Lady-bug 
beetles and the egg parasite Anagrus epos 
Girault were present in normal numbers in 
the vineyards after application. The 
Willamette mite did not build up on 
blocks sprayed with DDT more than on 
the pyrethrum treated blocks or on un- 
sprayed blocks. 

In nearly every test with DDT more 
than 99 per cent control was obtained of 
adult leafhopper. No nymph populations 
developed in the sprayed areas for several 
weeks after treatment. The population of 
leafhoppers in the vineyards remained 
very low for periods of from 30 to 90 days. 
—9-21-46. 











The Effect of Sublethal Dosages of Tartar 
Emetic on the Mexican Fruitfly' 


C. C. PLummer and E. W. Baker, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine? 


Experimental work in citrus groves has 
shown that populations of the Mexican 
fruitfly, Anastrepha ludens (Loew), as 
measured by traps, may be considerably 
reduced by the application of sweetened 
sprays containing tartar emetic (Plum- 
mer et al. 1948, Baker e¢ al. 1944). Sincd 
the flies are in no way forced to consume 
sweetened insecticides sprayed or dusted 
on the foliage of the trees, it is supposed 
that more often than not they ingest only 
sublethal amounts. The data here pre- 
sented were obtained in an effort to deter- 
mine the effects of sublethal dosages of 
tartar emetic on A. ludens. 

Allman (1940) presented data on the 
Queensland fruitfly, Dacus ferrugineus F., 
which led him to state: “. . . both tartar 
emetic and sodium fluosilicate exercise 
some metatoxic or after effect and flies 
surviving toxicity tests in which these 
poisons are used actually deposit a num- 
ber of sterile eggs.” In more extensive ex- 
periments Marlowe (1945)* found that 
sublethal dosages of tartar emetic had a 
definite effect on the number and viability 
of eggs deposited by the melonfly, D. 
cucurbitae (Coq.). The present authors 
conducted two laboratory experiments 
with Anastrepha ludens to obtain a better 
understanding of what may occur in the 
field. 

Casein was added to the usual labora- 
tory diet of the flies to stimulate egg pro- 
duction. In previous work with Mexican 
Anastrepha fraterculus (auct.), the junior 
author found that, when casein was added 
to the diet of granulated sugar and cut 
orange for 24 days following the flies’ emer- 
gence, the percentage of developed ovaries 
was much higher, and J. G. Shaw‘ re- 
ported that the addition of casein to sugar 
and cut orange appeared to stimulate egg 
production of A. serpentina (Wied.). 

On the contrary, when Shaw restricted 
the diet—beginning a day or two after 
emergence—to sugar and casein, no eggs 





1 This study was conducted in cooperation with the Secretarfa 
de Agricultura y Fomento, Mexico. 

* The authors are grateful to F. M. Wadley, of this Bureau, for 
advice on the application of statistical methods of analysis. 

’ Unpublished reports. 

‘ Unpublished reports. 
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were laid between the thirty-third and 
sixty-second days. Since no records on ovi- 
position were made before the thirty- 
third day, nothing is known about possi- 
ble egg production prior to that time. In 
those tests 120 flies of each sex were used, 
and the diet consisted of 9 parts of sugar 
to 1 part of casein. Somewhat similar re- 
sults were obtained by the junior author, 
who found that, when Mexican Anastre- 
pha fraterculus flies were restricted to a 
diet of casein and sugar in the proportion 
of approximately 1 part to 10, not only 
was there no oviposition, but all the flies 
(100) were dead at the end of the twenty- 
fourth day. 

In the experiments reported in this 
paper, where adults of Anastrepha ludens 
were fed sugar and orange for 20 to 31 
days after emergence and were then re- 
stricted to a diet of sugar and small 
amounts of casein (} pound per 100 gal- 
lons), altogether different results were ob- 
tained. The flies appeared to oviposit nor- 
mally, as did those fed on sugar alone. It 
appears logical, therefore, to compare re- 
sults of experiments in which flies were fed 
on sugar alone, on sugar and casein, and 
on similar diets to which different 
amounts of tartar emetic had been added. 

EXPERIMENT 1.—Methods described by 
Plummer (1943) for the testing of insec- 
ticides were followed with slight modifica- 
tion. Five cages, each containing 25 flies 
of each sex, comprised a series for testing 
the different combinations of materials at 
a constant temperature of 25° C. and 
relative humidity close to 60 per cent. 
Flies were 21 to 31 days old at the begin- 
ning of the experiment. Flies in each 
series had constant access to one of the 
following combinations of materials, the 
amounts for 100 gallons of aqueous solu- 
tion being as follows: (1) 1 ounce of tartar 
emetic, 20 pounds of granulated sugar, 
and 4 ounces of casein; (2) 0.5 ounce of 
tartar emetic, 20 pounds of granulated 
sugar, and 4 ounces of casein; (3) 20 
pounds of granulated sugar, 4 ounces of 
casein; and (4) 20 pounds of granulated 
sugar. All casein passed a No. 325 sieve. 
Flies in another series were given sugar 
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and casein, except for a 3-hour exposure 
every third day to sugar-casein prepara- 
tions containing 2 pounds of tartar emetic 
in 100 gallons of solution. This series was 
discontinued because of the high mor- 
tality. 

One hollow section of skin from par- 
tially ripened peach, fastened to glass by 
means of paraffin, was introduced into 
each cage at 11:30 a.m. and allowed to 
remain there until 6 p.m. in order to ob- 
tain eggs. For about 2 hours prior to their 
introduction into experimental cages, the 
sections had been held in a cage contain- 
ing only males of Anastrepha ludens, so 
that the flies would clean the skins of any 
food materials that might be present. 
Eggs were removed from each section and 
held on moistened black filter paper in 
stender dishes at 25° C., to obtain records 
on viability. 

The flies deposited some eggs on the 
glass, cloth, and framework of all cages, 
although peach skins were periodically 
available for oviposition. The same habit 
was also observed in experiment 2, 
where flies had constant access to mango 
skins. Presumably, this common habit 
of depositing eggs on material other than 
available fruit was not modified by the 
diets given the flies. Such eggs could not 
be recovered. At times a high percentage 
of the newly deposited eggs were in a 
state of collapse. These facts are con- 
sidered in analyses of the data. 

The mortality of the flies was recorded 
when fruit sections were introduced and 
again when they were removed from the 
cages. Dead flies were replaced with liv- 
ing flies taken from the two extra cages in 
each series. Flies in the extra cages were 
from the same cultures and were subject 
to the same treatments, including ex- 
posure to peach skins, as those in test 
cages. The numbers in the test cages were 
checked at intervals. 

The mortality of the flies exposed to the 
1- and 3-ounce strengths of tartar emetic 
was so rapid that the poison was elim- 
inated from all diets in the tests started 
September 1 (Table 1). From September 
4 until the experiment was discontinued 
on October 19, no eggs were deposited in 
peach skins held in cages where flies had 
previously been exposed to the 1-ounce 
strength of tartar emetic. The exposure of 
flies to small amounts of tartar emetic and 
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casein for approximately 21 days appar- 
ently inhibited oviposition by the few 
surviving females during a subsequent 
period of 45 days (Table 1). The mortal- 
ity of flies exposed to the 0.5-ounce 
strength of tartar emetic was less rapid. 
Some eggs were deposited in each of the 14 
exposure periods following the elimination 
of tartar emetic from the sugar-casein 
diet, and a few viable ones were deposited 
in 4 of the periods. The difference in the 
number of females in the two series, as 
well as in the concentration of tartar 
emetic, might account for some of the dif- 
ferences in results. 

More females survived in cages of the 
two series in which tartar emetic was not 
included in the diet. In every one of the 19 
exposures eggs were deposited in peach 
skins by flies having access to a diet of 
sugar and casein, and in all but 2 ex- 
_— by flies given sugar alone (‘Table 
1). 
The number of eggs deposited in all 
cages during the first 5 fruit-exposure 
periods was sufficient for analysis of vari- 
ance. The number of eggs laid in fruit 
skins in each cage was corrected for 25 
females. It was found necessary to round 
off the numbers to eliminate fractions, to 
add 0.5 to the value for each cage, and 
then to extract the square root before 
making an analysis of variance. Similar 
procedures were followed with the second 
group of 6 exposure periods, except that 
only 4 cages were available for each of 3 
treatments. The number of eggs laid by 
the few surviving females on the diet that 
included 1 ounce of tartar emetic was 
insufficient to permit analysis of the data. 
More eggs were laid by flies exposed to 
diets that did not include tartar emetic 
than by those given that material, and 
both groups of exposures show highly 
significant differences between the means 
for sugar alone and those for sugar-casein 
preparations containing tartar emetic. 
No significant difference is shown be- 
tween the number of eggs laid by flies ex- 
posed to sugar-casein and those exposed 
to sugar alone. 

Data from the same cages and the same 
2 groups of exposure periods were used in 
analysis of variance of the angle of per- 
centage (Snedecor 1940) hatch and also 
the angle of percentage of collapsed eggs 
deposited in skins of fruit in each cage. 
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Table 1.—Egg deposition and hatch from Mexican fruitflies exposed to four different diets. All 
diets contained 20 pounds of granulated sugar, two contained 4 ounces of casein, and two contained 
tartar emetic, all amounts per 100 gallons of solution. 








Suaar, CASEIN, AND 1 OuNCE OF 
TarTAR Emetic 








Suaar, CASEIN, AND 0.5 OUNCE OF 
TarTAR EMETIC 
































SuGAR AND CASEIN 























Aug. 14 173 0 158 125 
17 135 0 103 124 
20 128 0 107 125 
26 119 23 81 125 
29 88 17 61 125 

Sept. 1 86 11 62 125 
+ 125 32 65 125 
7 172 41 92 125 
10 94 26 51 125 . 
138 88 24 34 125 
16 85 13 38 120 
19 97 18 57 109 
22 81 9 58 99 
25 22 0 13 85 
28 38 34 3 79 

Oct. 1 18 0 2 72 
7 7 0 2 59 
13 24 0 18 39 
19 14 0 6 25 


EXPOSURE Number of Eggs Number Number of Eggs Number 
DatTE of of 
1942 Total Collapsed Hatched Females Total Collapsed Hatched Females 

Aug. 14 104 0 69 126 145 0 127 125 

17 43 33 5 126 83 0 45 125 

20 92 39 24 124 50 1 43 124 

26 69 39 23 108 25 7 5 125 

29 46 11 28 79 19 6 3 123 

Sept. 1! 14 0 12 45 15 12 0 121 

+ 25 0 22 36 0 aa _ 100 

7 0 — — 26 1 0 0 86 

10 0 a — 25 6 2 0 74 

18 0 — — 20 12 8 0 68 

16 0 tins — 17? 21 0 10 60 

19 0 = —_ 13 8 0 8 55 

22 0 — — 10 0 =~ =~ 49 

25 0 = — 8 0 “ _ 35 

28 0 ee —_ 6 0 Tax — 29 

Oct. 1 0 — — 6 0 — — 24 

7 0 os — 6 0 ae ane 19 

13 0 — ee 5 1 0 1 14 

19 0 a — 5 7 0 3 12 





SuGar ONLY 

131 0 85 127 
146 0 66 127 
187 2 125 125 
148 2 88 125 
152 11 93 125 
97 26 65 125 
120 22 58 124 
123 30 74 125 
101 39 52 124 
85 22 43 125 
70 22 $2 118 
27 6 14 107 
23 8 18 90 
18 0 12 71 
15 5 10 60 
16 7 9 54 
0 _— _ 42 

8 0 6 29 

0 _— _ 20 















1 Tartar emetic eliminated from diet. 
2 No males survived after this date. 


The disproportionate number of records 
in these analyses made it necessary to fol- 
low the method of unweighted means 
(Snedecor 1934, 1940). Analysis of vari- 
ance of proportionate numbers, 7.e., stand- 
ard analysis, was followed, to obtain the 
mean square of the variance between 
cages. This value was multiplied by an 
average frequency weight to obtain the 
experimental error for each analysis. 

The data for the first 5 exposures show 
that the mean angle of percentage hatch 
was greatest when flies had access to a 







sugar diet containing casein, the differ- 
ence between that diet and sugar alone 
being significant. The mean angle of per- 
centage hatch was lowest when 1 ounce 
of tartar emetic was added to the sugar- 
casein diet, and differences between that 
diet and sugar alone are highly significant. 
In the second group of 6 exposures the 
mean angle of percentage hatch was about 
the same for diets of sugar-casein and 
sugar alone, while the mean for a diet of 
sugar-casein containing 0.5 ounce of tartar 
emetic was greatly reduced. Differences 
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between the latter diet and the sugar- 
casein or the diet of sugar alone are 
highly significant. 

In the first 5 exposures higher mean 
percentages of collapsed eggs were de- 
posited by flies exposed to diets containing 
tartar emetic than by flies not given that 
substance. Only the differences between 
the mean for flies on a diet of sugar alone 
and that for flies exposed to a sugar- 
casein diet with 1 ounce of tartar emetic 
are highly significant. Differences between 
sugar-casein and sugar alone are not sig- 
nificant. In the next 6 exposures analysis 
of variance shows that there is no signifi- 
cant difference between treatments, and 
none between the means for the different 
treatments. 

EXPERIMENT 2.—In experiment 1 so 
many flies died when exposed to concen- 
trations of 1 and 0.5 ounce of tartar 
emetic that another experiment was un- 
dertaken, in which tartar emetic was used 
at rates of 0.25 and 0.125 ounce, in 100 
gallons of aqueous solution containing 20 
pounds of granulated sugar and 4 ounces 
of casein. Treatments again included sugar 
with casein and also sugar alone. Four 
cages, each with 25 twenty-day-old flies 
of each sex, were assigned at random to 
each treatment, as were 4 additional cages 
containing flies for replacements. Flies of 
each cage were permitted constant access 
to a hollow section of mango skin, which 
was changed daily. The mango skins were 
washed in water, but were not exposed to 
males of Anastrepha ludens prior to intro- 
duction into the experimental cages. 

Individual-cage data were transformed 
in the same manner followed in experi- 
ment 1. Replacements were sufficient to 
take care of the flies that died during the 
first 30 exposure periods, and data from the 
four cages of each treatment could be 
used in analyses. Data from the next 6 
exposure periods, 7.e., from May 12 to 17, 
were taken from three cages in each of 
four treatments. This limitation became 
necessary on account of the increased 
mortality of flies that were exposed to 
0.25 ounce of tartar emetic. 

Data on the number of eggs laid, in 
terms of 4/n+0.5, show that differences 
between treatments and between ex- 
posures, and the interaction of treatments 
and of exposures, are all highly significant 
(Table 2). The treatment means for the 30 
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Table 2.—Analysis of variance of data of ex- 

riment 2. Egg deposition and hatch from 

exican fruitflies fed low concentrations of tartar 
emetic. 








MEAN 


Exposures Source or VARIATION SQUARE 





Number of eggs in terms of \/n+0.5 
30 (April 12 Treatment (3)! 66.41" 
toMay11) Exposure (29) 28.59* 
Treatment-exposure (87) 2.10* 
Within subclasses (error) 
(360) 4.39 
Total (479) 

Treatment (3) 17.41* 

Exposure (5) 2.27 

Treatment-exposure (15) 2.26 

Between cages (error) (48) 2.76 

Total (71) 
Angle of percentage hatch of eggs 

28 (April 18 Treatment (3) 1180.92* 
toMay11) Exposure (27) 391.15* 

Treatment-exposure (81) 99.52 

Experimental error (301) 101.00 

Total (412) 
Angle of percentage of collapsed eggs 

28 (April 13 Treatment (3) 1071.22* 
toMay11) Exposure (27) 283 .97* 

Teeatment-exposure (81) 96.65 

Experimental error (301) 88.62 

Total (412) 


6 (May 12 
to 17) 





_} The number of de, 's of freedom for each source of varia- 
tion is given in parentheses. 
* Highly significant difference, P <0.01. 


exposures, and also most of the means for 
the 30 exposures divided into 5 groups, 
show that significantly fewer eggs were 
laid by females that had access to diets 
containing small amounts of tartar emetic 
(Table 3) than by females whose diets did 
not include tartar emetic. Significant dif- 
ferences between the diet of sugar alone 
and one of the sugar-casein diets contain- 
ing tartar emetic do not appear, however, 
until the data of group 2 are considered— 
7 to 12 days after the start of the experi- 
ment. Flies given casein and sugar gen- 
erally laid fewer eggs than flies given sugar 
alone, but only in the fourth group of ex- 
posures are such differences highly signifi- 
cant (Table 3). Analysis of variance of 
data from 6 fruit-exposure periods ex- 
tending from May 12 to 17 show highly 
significant differences between treatments 
only (Table 2). Fewer eggs were laid by 
flies exposed to sugar-casein, and also by 
flies exposed to the 2 sugar-casein diets 
containing tartar emetic, than by flies ex- 
posed to sugar alone. The differences be- 
tween the data from the diet of sugar 
alone and those from each of the other 3 
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treatments are highly significant (Ta- 
ble 3). 

Individual-cage data on the percentage 
hatch and the percentage of collapsed eggs 
are available for only 28 exposures in the 
first analysis, owing to the lack of eggs 
under one treatment of the first exposure 
and to the desiccation of eggs deposited 
during the eighth exposure. This has pre- 
cluded the presentation of treatment 
means for 5 groups, each with 6 exposures. 


the 6 exposures from May 12 to 17 are too 
fragmentary for analysis of variance. 

The marked effect of sugar and casein 
diets with 4 different concentrations of 
tartar emetic, ranging from } to 1 ounce in 
100 gallons of solution containing sugar 
and casein, in reducing the number of eggs 
laid and the percentage of hatch leads to 
the belief that the field control of Ana- 
strepha ludens in northeastern Mexico 
may have been more effective than had 


Table 3.—Mean values and significant differences between means of data of experiment 2. Egg de- 
position and hatch from Mexican fruitflies fed low concentrations of tartar emetic in a diet containing 
20 pounds of sugar and 4 ounces of casein per 100 gallons of solution. 








Mean VALUE 


Signiricant DIFFERENCES! 





Sugar, Casein, Sugar, Casein, 





and 0.25 and 0.125 
Ounce of Ounce of Sugar and Sugar 
Exposures Tartar Emetic Tartar Emetic Casein Only P<0.05 P<0.01 
Number of eggs in terms of \/n+0.5 
30 (April 12 to 3.76** 4 .82** 5.03 5.52 0.53 0.70 
May 11) 
Group 1 3.09 , 4.21 4.33 3.77 1.21 1.61 
Group 2 5.42** 6.49 6.21 6.80 .83 1.09 
Group 3 4.76** 6.34 6.22 6 83 .74 .99 
Group 4 8.31" 4.07** 4.63** 5.81 .81 1.08 
Group 5 2.31** 3.00** 3.77 4.39 -75 99 
6 (May 12 to 
17) 1.37°* 2.01** 3.04** 3.55 37 49 
; Angle of percentage hatch of eggs 
28 (April13 to 52.81** 3.487% 66.15 65 .23 _ _ 
May 11) 
Angle of percentage of collapsed egg. 
28 (April13 to  20.93** 13 .70* 8.04 7.80 _ ~— 
May 11) 





1 Numerical differences for angle data not listed, since, because of disproportionate numbers, it is necessary to compute t for each 
comparison. This was done only for differences between the mean for sugar without casein and each of the treatment means. 

* Significant difference when compared with the mean for sugar without casein. : 

** Highly significant difference when compared with the mean for sugar without casein. 


It is shown (Table 2) that differences be- 
tween treatments and also between ex- 
posures are highly significant for both 
the angle of percentage hatch of eggs and 
the angle of percentage of collapsed eggs. 
Differences between means. show that 
lower mean angles of percentages of eggs 
hatched and higher mean angles of per- 
centages of collapsed eggs were occasioned 
by the inclusion of small amounts of tartar 
emetic in the sugar-casein diets of the flies 
(Table 3). These differences are signifi- 
cant, as compared with the means for 
sugar alone. Data on the percentage hatch 
and the percentage of collapsed eggs for 


been indicated by trapping with glass 
traps (Plummer e¢ al. 1943). Tartar 
emetic sprays were first applied on small 
plots of citrus at Hacienda de Santa En- 
gracia, Tamaulipas, early in 1936 (Baker 
et al. 1944), and thereafter larger plots 
were sprayed with it for 6 successive sea- 
sons at the relatively high rate of 4 pounds 
in 100 gallons of solution containing 20 
pounds of granulated sugar. After the 
first season the population of fruitflies 
was, with a few brief exceptions, gen- 
erally reduced during all 6 seasons. Natu- 
rally, many factors influence the size of the 
fly population, but some of the reduction 
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may have been due to the ingestion of 
sublethal dosages of tartar emetic and 
other insecticides by the fruitflies. Fur- 
thermore, it is likely that the ingestion of 
small amounts of tartar emetic by newly 
emerged flies would be even mare pro- 
nounced than shown in these studies with 
mature fruitflies. 

SumMary.—Laboratory studies on the 
Mexican fruitfly, Anastrepha ludens 
(Loew), considered the number of eggs 
laid, the percentage hatch of eggs, and the 
percentage of collapsed eggs when mature 
flies were exposed to the following diets: 
(1) 20 pounds of granulated sugar in 100 
gallons of solution, (2) the sugar diet with 
4 ounces of casein added, (3) the sugar- 
casein diet with 1 ounce of tartar emetic, 
and (4) the sugar-casein diet with 0.5 
ounce of tartar emetic. Flies that ingested 
diets containing tartar emetic laid sig- 
nificantly fewer eggs than flies not givea 
that material. Flies exposed to a diet in- 
cluding 1 ounce of tartar emetic for 21 
days failed to lay any eggs in fruit sections 
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for 45 days. However, flies whose diet in- 
cluded 0.5 ounce of tartar emetic did lay a 
few eggs, some of which were viable. The 
percentage hatch of eggs was lower, but 
the percentage of collapsed eggs was 
higher when tartar emetic was included in 
the diet. In general, the addition of casein 
to the sugar diet had little or no effect on 
number and viability of the eggs deposited. 

In a second experiment the amounts of 
tartar emetic included with sugar and 
casein were reduced to 0.25 and 0.125 
ounce, and essentially similar results were 
obtained from these two diets, although 
the reduction in the number of eggs de- 
posited was not so marked as with the diet 
containing 1 ounce of tartar emetic. 

A discussion is given of the possibility 
that the ingestion of small amounts of 
tartar emetic sprays by flies in the field 
might be a factor in the general reduction 
of the fly population in the vicinity of 
Hacienda de Santa Engracia, Tamaulipas, 
Mexico, from 1936 to 1942.—10-15-46. 
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U.S. Navy ComMEnDs Bureau or ENTOMOLOGY 
AND PLANT QUARANTINE 


The Journal of the American Medical Association, 
Volume 131, Part 2, page 145, 1946, carried the fol- 
lowing item: 

“The Bureau of Entomology and Plant Quaran- 
tine of the Department of Agriculture was recently 
commended by Secretary of the Navy James For- 
restal and Vice Admiral Ross T. McIntire, Surgeon 
General of the Navy, for research conducted in the 
development of insect and mite repellents. 

“In a letter to the Secretary of Agriculture, Secre- 
tary Forrestal stated that the Bureau of Entomology 
and Plant Quarantine ‘rendered a fundamental and 
outstanding contribution to naval forces which has 
changed the entire methodology in the control of 
insect borne diseases.’ 


“Vice Admiral McIntire, in letters of commenda- 
tion to Dr. P. N. Annand, Chief of the Bureau, 
and thirty-two of his associates, said that the im- 
mediate recognition of the great military potentiali- 
ties of insecticides, such as DDT, aerosols, insect 
repellents and‘ protective fabrics, resulted in their 
conversion to maximal efficiency for military use. 

“The close cooperation and assistance rendered 
the Navy by the Bureau of Entomology and Plant 
Quarantine were in a large measure responsible for 
the successful development of the repellents which 
made it possible to carry on our military campaigns 
in tropical areas with a freedom from disease for- 
merly thought impossible, the Surgeon General 
pointed out.” 





Soil Insecticides for Control of the Southern Corn Rootworm! 
B. B. Fuuton,? North Carolina Agricultural Experiment Station, Raleigh 


The successful use of DDT as a soil in- 
secticide for the control of Japanese 
beetle larvae prompted some _ experi- 
ments along the same line for the control 
of southern corn rootworm, Diabrotica 
duodecimpunctata Oliv. The results of 
small plot experiments in 1946 with DDT 
and hexachlorocyclohexane give promise 
of a practical means of protecting young 
corn plants from the southern corn root- 
worm, either by mixing the insecticide 
with the fertilizer or by adding the insecti- 
cide to the soil by some device during the 
fertilizing or seeding operation. In some 
of the tests hexachlorocyclohexane caused 
plant injury, so that DDT appears to be 
the more promising of the two insecti- 
cides for this purpose. 

A poorly drained field at Raleigh was 
used for the experiment, and an abundant 
rainfall made conditions ideal for severe 
rootworm injury. On April 6, 1946, four 
rows, about 100 feet long, were planted 
with hybrid sweet corn, and on April 16, 
four more rows (rows 5 to 8, Table 1) were 
planted. The corn was planted in hills two 
feet apart and with four seeds in each hill. 
Previous to planting, rows 1, 2, and 6 
were prepared by dropping 5 to 7 grams 
of 3 per cent DDT dust at each hill and 
stirring it into the soil with a hoe. The 
seed was planted in and covered with the 
treated soil. Part of row 4 was treated in a 
similar manner with about one gram per 
hill. The other part of row 4 received no 
soil treatment but was planted with seed 
coated with 3 per cent DDT by shaking 
the seed and dust together in a jar. Row 
8 was prepared at the same time as row 6, 
and in the same manner, but with a dust 
containing 85 per cent sulphur and 4.7 
per cent hexachlorocyclohexane of which 
18 per cent (0.8 per cent of total) was the 
gamma isomer. Rows 3, 5, and 7 were 
untreated. 

The germination was quite uniform and 
little difference could be noted between 
the treated and check rows until the 
plants were about two inches high. From 
then on the plants in the check rows were 

1 Contribution of the department of Zoology and Entomo! 
North Carolina Agric. Experiment Station. Published with the 


approval of the Director as Paper No. 250 of the Journal Series. 
2 Professor of Entomology. 


noticeably retarded in growth due to 
rootworm injury. Many plants were 
killed while small and others had the 
central leaves or bud killed but continued 
to survive and put out “suckers”’ from the 
base. Check row plants which showed no 
definite symptoms of rootworm injury 
were generally smaller than the average of 
the treated rows. Treated rows did not 
escape injury entirely but the number of 
injured plants was much smaller. 

On May 11, when the rootworm injury 
appeared to have reached a maximum, 
the plants were inspected and counted. 
The results are given in table 1 as the 
average number of uninjured plants per 
hill, four being the highest possible num- 
ber with perfect germination. Some root- 
worm injury continued to show up for a 
week or two later, so another inspection 
was made on June 7 after the hills had 
been thinned to 2 plants per hill. The re- 
sults taken on this date are also given in 
table 1 in terms of the percentage of hills 
with one or two good plants likely to pro- 
duce ears. The results from check row 3 
were computed as a whole for comparison 
with rows 1 and 2 and also in two parts for 
comparison with the adjacent parts of 
row 4. The photograph of rows 5 to8 
(Fig. 1) shows that the difference in ap- 
pearance of the rows was even more strik- 
ing than the figures indicate, due to the 
greater average size of the plants in the 
treated rows. 


Table 1.—DDT and hexachlorocyciohexane as 
soil insecticides at planting time for control of 
southern corn rootworm, in two plantings of 
hybrid sweet corn. 








May ll June ll 
Averace PeErcent- 
NUMBEROF AGE OF 
Uninuurep His 
nts LIKELY To 
TREATMENT—AMOUNT PER Propuce 
Usep eer Hitt Hit 


5 to 7 grams, 3% DDT 
Ditto 


Check, whole row 

Seed coated with 3% DDT 
Check adjacent to 4a 

1 gram, 3% DDT 

Check adjacent to 4b 


Check 
5 to 7 grams, 3% DDT 
Check 





we 
~ 





me or — > a OO 
OOD nor oO 


5 to 7 grams of 4.7% 
hexachiorocyclohexane 
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782 


The small amount of 3 per cent DDT 
dust deposited on the seed in the half row 
4a apparently gave some protection from 
rootworms. The use of 1 gram per hill as 
in half row 4b gave as good a stand of corn 
as the rows receiving 5 to 7 grams per hill. 
Possibly this would not have been true if 
the infestation had not been lighter in 
that part of the field as indicated by the 
adjacent portion of the check, 3b. Further 
experiments would be necessary to deter- 
mine the minimum amount required for 
effective control. The amount used per 
acre, computed on the basis of rows 3.5 
feet apart, would be about 2.5 pounds of 
pure DDT in rows 1, 2, and 6 and about 


Fic. 1.—Control of southern corn rootworm on 

sweet corn by soil insecticides. Row 5 to 8 (see Table 

1) are shown, reading left to right. The other rows 

(unlabelled) are field corn, not part of this experi- 
ment. 


0.5 pound in the half row 4b. The ma- 
terial, however, was concentrated in a 
relatively small portion of the total soil 
area, probably about 7 per cent. 

In a second experiment in rootworm 
control, the materials were applied as a 
spray after the plants were 2 or 3 inches 
high. This corn was planted in hills on 
May 13, when no more rootworm injury 
was expected. However, rootworm in- 
juries began to appear soon after the corn 
came up. On May 24, two spray mixtures 
were applied with a compressed air sprayer 
using a solid stream nozzle with a thirty- 
second of an inch opening. In rows 1 and 
3, the nozzle was pressed into the soil be- 
tween the plants so as to inject about 100 
ec. around the roots of the plants. In rows 
4 and 6, the liquid was squirted on the soil 
surface about the plants for a few seconds, 
using about 50 cc. per hill. The mixture 
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used on rows 1 and 4 contained 5 grams 
per liter of a dry powder containing 50 
per cent hexachlorocyclohexane and 5 per 
cent gamma isomer. The spray used on 
rows $ and 6 contained 5 grams per liter 
of -wettable powder containing 50 per 
cent DDT. 

The results taken on June 7 are shown 
in Table 2. Since the number of seed 
planted per hill was not counted in this 
planting, the results are given in terms of 
the percentage of existing plants showing 
rootworm injury. The two materials gave 
about equal control and the larger amount 
somewhat better control in each case. 
Considering that a small amount of root- 
worm injury had been caused before the 
materials were applied, it seems probable 
that further damage was stopped entirely 
in rows 1 and 8. The estimated rate per 
acre in terms of the pure chemicals is 3.4 
pounds for rows 1 and 8, and 1.7 pounds 
for rows 4 and 6. The method has possi- 
bilities for garden corn when rootworm 
injury is detected soon after germination. 

No injury due to the insecticide was 
noted in any of the experiments described. 
The corn plants in all the treated rows 


grew vigorously and in general were better 
plants than in the check rows. However, in 
an experiment at Laurinburg, N. C. on 

Table 2.—Results of applications of dilute 


suspensions to the soil around young corn plants 
after rootworm injury had started to appear. 








PERCENTAGE 
oF PLANTS 
SHOWING 
RootworM 
InJURY 


INSECTICIDE, APPROXIMATE 
AMOUNT PER HILL 
AND METHOD OF 
APPLICATION 





Hexachlorocyclohexane 
100 ce., injected 

Check 

DDT, 100 cce., injected 

Hexachlorocyclohexane 
50 cc. on surface 

Check 

DDT, 50 cc. on surface 

Check 





May 9, field corn planted in soil treated 
with hexachlorocyclohexane showed de- 
finite insecticide injury. The mixture used 
was the same as in the first experiment at 
Raleigh, the only differences in the two 
treatments being in the seed used, the 
type of soil and probably the soil tem- 
perature. 

Since the hexachlorocyclohexane dust 

















used in the experiments contained 85 per 
cent sulphur, another experiment was 
started on June 18 to compare the phyto- 
toxic action of this dust with a similar dust 
in which the sulphur was replaced with 
pyrophyllite. The new dust contained a 
larger portion of total hexachlorocyclo- 
hexane (8 per cent) but the same amount 
of gamma isomer (0.8 per cent). Treat- 
ments with sulphur alone and with 3 per 
cent DDT dust were also included in the 
experiment. All treatments were applied 
at the same dosage as in the original ex- 
periment and repeated with double that 
amount. Hybrid sweet corn and the field 
corn used in the Laurinburg test, were 
planted in alternate hills, using 5 seeds 
per hill. 

The corn was examined 10 days after 
planting. The plants in the rows treated 
with sulphur and DDT appeared equal in 
size to those in the check row. Actual 
counts showed 97 per cent germination 
in the check, 95 per cent in row having 
the double dosage of DDT and 98 per 
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cent in the other DDT row and the two 
sulphur rows. On account of the late 
planting date, no rootworm injury was 
present. All rows treated with hexachloro- 
cyclohexane showed definite signs of in- 
secticide injury. The plants averaged less 
than half the size of those in the other 
rows. Although most of the seed had ger- 
minated the number of plants above 
ground varied from 71 to 83 per cent of 
the number of seeds planted. The most 
severely injured plants had all the leaves 
still in a tight roll. Less severely injured 
plants were small and their leaves had 
grown more in width than in length. This 
experiment shows that under some condi- 
tions hexachlorocyclohexane is toxic to 
young corn plants although it is not 
known just what those conditions are. 
Apparently DDT is a much safer insecti- 
cide to use for southern corn rootworm 
control, although further experiments 
with hexachlorocyclohexane might show 
that effective’ control at dosages safe for 
the plants.—11-2-46. 





Effect of Xanthone, DDT, and Other Insecticides 
on the Pacific Mite 


E. J. Newcomer and F. P. Dean, U.S.D.A., Agr. Res. Adm., 


In 1941 and 1942 at Yakima, Wash., 
it was noted that infestations of the Pacific 
mit.. Tetranychus pacificus McG., were 
much less on apple trees sprayed with 
xanthone for controlling the codling moth, 
Carpocapsa pomonella (L.), than on ad- 
joining trees sprayed with lead arsenate or 
phenothiazine (Newcomer 1943). Bor- 
den (1944) reported having observed that 
xanthone used on Bartlett pears and on 
apples in California controlled the Euro- 
pean red mite, Paratetranychus pilosus 
(C. & F.), and the two-spotted mite, 
Tetranychus bimaculatus UHarvey. Ob- 
servations on the effect of xanthone on 
mites, as well as the effect of lead arsen- 
ate, eryolite, nicotine bentonite, and 
DDT, have been continued in Washing- 
ton by the writers. 

Infestations of the Pacific mite usually 
reach a peak in August, and the best 
time to observe the comparative degrees 
of infestation on trees sprayed with dif- 
ferent materials is during that month, 


Bureau of Entomology and Plant Quarantine 





when the maximum damage has occurred 
and the mites are migrating to the trunk 
of the tree. In appraising the infestation, 
the method previously used and ex- 
plained (Newcomer 1943) was employed. 
In this method the various degrees of in- 
festation are given arbitrary numbers, as 
follows: 4, a majority of the leaves are 
covered with webbing and large numbers 
of mites are migrating to the trunks; 3, 
large numbers of leaves are covered with 
webbing and mites are migrating to the 
trunks in considerable numbers; 2, only 
small numbers of infested leaves and 
migrating mites can be found; 1, the in- 
fested leaves are very few and there is no 
migration; and 0, no mites at all can be 
found after several minutes’ search. In 
computing average figures, decimal frac- 
tions have been retained. 

In 1944 the reliability of this method 
was tested by making three successive es- 
timates of the infestation on 135 trees at 
intervals of a week or 10 days. The second 
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Table 1.—Average degree of infestation of the Pacific mite in apple trees sprayed with xanthone, 
DDT, and other insecticides. (Lead arsenate, 2 lb. to 100 gal., was used for the calyx spray in all 
treatments: the materials listed were used in 6 or 7 cover sprays, except as noted.) 








1943 1944 1945 





Aug. Aug. 
Aug. 18 Aug. 10 
Wine- 9 Wine- 
Rome Rome sap Rome sap 


Aug. 
TREATMENT 10 16 
(QUANTITIES PER 100 GAL.) 





Lead arsenate 3 lb., mineral oil 1 qt.,! colloidal spreader 
2.67 oz. 2.1 1.4 1.9 1.5 


Lead arsenate 1.5 lb., DDT 4 oz., mineral oil 1 qt.,' col- 
loidal spreader 2.67 oz. 1.8 


Cryolite (90%) 3 lb., mineral oil 1 qt.,! colloidal spreader 
2.67 oz. ; ‘ ‘ 1.6 


Cryolite (90%) 1.5 lb., DDT 4 0z., mineral oil 1 qt.,' col- 
loidal spreader 2.67 oz. 


Xanthone 21b., kerosene or stove oil 1 qt., colloidal spreader 
8 oz2 


Xanthone 1 lb., DDT 4 0z., stove oil 1 qt., colloidal spreader 
8 oz.3 


Nicotine bentonite (1:5) 3 lb., mineral oil 1 qt.,! oleic acid 
0.25 pt., aluminum sulfate 2 oz. 


Nicotine bentonite (14% nicotine) 2 lb., mineral oil 1 qt.,! 
oleic acid 0.25 pt., aluminum sulfate 2 oz. 


Nicotine bentonite (14% nicotine) 1 lb., DDT 4 oz., min- 


eral oil 1 qt.,' oleic acid 0.25 pt., aluminum sulfate 2 oz. 


DDT 8 oz., pyrophyllite 1 Ib. 


DDT 8 oz., pyrophyllite 1 lb., mineral oil 1 qt., colloidal 


spreader 2.67 oz. 


DDT 8 oz., pyrophyllite 1 lb., dinitro-o-cyclohexyphenol, 
dicyclohexylamine salt (20%) 8 oz. (in 4th cover spray), 


5.3 oz. (in 5th cover spray) 


18 DDT 40z. dissolved in benzene 225 ml. and then in mineral 


oil (emulsible) 2 qt. 
14. DDT 2b. (5 lb. of 40% wettable powder) 
15 Unsprayed (4 trees) 





1 Increased to 2 qt. in 2 or 3 cover sprays. 


2 Nicotine bentonite used as in Nos. 7 or 8 in Ist and 2d cover sprays. 
3 Nicotine bentonite and DDT used as in No. 9 in Ist and 2d cover sprays. 


and third estimates were made without 
referring to the previous estimates. Be- 
cause of the number of trees involved and 
the interval between estimates, it would 
hardly be possible to remember the classi- 
fication previously given any individual 
tree. This study showed that 13 per cent 
of the trees had been given a lower classi- 
fication at the time of the second or third 
examination than previously, 16 per cent 
had been given a higher classification, 
and 71 per cent had been given the same 
classification. Since there had been a 
gradual increase in the infestation during 
the period, it is improbable that errors of 
any consequence were made in classifying 


more than 13 per cent of the trees, and 
since in most cases a treatment included 
8 trees, which were averaged, such a per- 
centage of error would not be serious. 
Table 1 shows the degree of mite in- 
festation on Rome trees sprayed with 
various insecticides in 1943, and on Rome 
and Winesap trees similarly sprayed in 
1944 and 1945. The averages of the five 
observations on lead arsenate, cryolite, 
xanthone, and nicotine bentonite (Nos. 1, 
3, 5, and 7) are 1.58, 1.60, 1.06, and 1.64, 
respectively. These figures show no dif- 
ferences of any consequence between ma- 
terials except for the xanthone, which re- 
sults in a consistently lower infestation. 
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The only time any unsprayed trees were 
available was in 1944, when there were 
four Rome trees which had no apples on 
them and were therefore not sprayed. 
These trees had an average infestation of 
1.5, slightly higher than the figures for 
trees sprayed with cryolite, lead ar- 
senate, and nicotine bentonite in the 
same orchard. This figure indicates that, 
while the mineral oil used with these ma- 
terials may have some effect on the mites, 
it does not materially reduce the infesta- 
tion. The trees sprayed with xanthone, 
however, were noticeably less infested, 
and there have never been enough mites 
on such trees to cause any damage to the 
crop. There is no evidence that the xan- 
thone kills the mites rapidly, as would oil 
or dinitro spray; it rather seems in some 
way to prevent their development. But 
until more work has been done, no definite 
reason can be given for the control of 
mites by xanthone. 

The continued use of DDT on apple 
trees results in a very striking increase in 
the infestation of mites. In 1944 an aver- 
age infestation of 4.0 was recorded on 
both Romes and Winesaps, and even 
where 1 quart of mineral oil was added 
the infestation was still 3.0. Similar re- 
sults were obtained in 1945, although 
when the dosage of DDT was increased to 
2 pounds per 100 gallons (No. 14) the in- 
festation was somewhat less, but it was 
still too heavy. DDT dissolved in 2 
quarts of oil (No. 18) also resulted in a 
heavy infestation of mites. However a 
small quantity of an amine salt of dinitro- 
o-cyclohexylphenol added to the DDT in 
the fourth and fifth cover sprays (No. 12), 
kept the mites at a minimum. 

In treatments Nos. 2, 4, 6, and 9 DDT 
was used at the rate of 4 ounces to 100 
gallons with half-strength lead arsenate, 
cryolite, xanthone, or nicotine bentonite. 
In treatments Nos. 2 and 4 the DDT was 
in the form of wettable powder; in treat- 
ment No. 6 a manufactured mixture of 
xanthone and DDT was used, and in 
treatment No. 9 a manufactured mixture 
of nicotine bentonite and DDT. The addi- 
tion of DDT to the other insecticides was 
always accompanied by a heavier infesta- 
tion of mites than where the other insec- 
ticide was used without DDT, and usually 
it was high enough to cause damage. Only 
where DDT was used with xanthone (No. 


6) did the infestation remain low. Ap- 
parently the effect of the DDT is to kill 
or inhibit the development of predators, 
particularly the ladybeetle, Stethorus 
picipes Casey, and thus allow the mites 
to become very numerous. 

As a check on the method of estimating 
mite infestation, a modification of the 
method of Jones & Prendergast (1937) was 
used in some treatments each year. Sam- 
ples of 50 or 75 leaves from each of four 


Table 2.—Average number of Pacific mites 
per leaf in apple trees sprayed with xanthone, 
DDT, and other insecticides. 





1945 





TREATMENT! 1943 1944 





28 ne 
—_ 10 
16 11 
_ 23 
1 127 36 
1 — 5 





1 The treatment numbers are used as in table 1. 


trees in each treatment were collected, the 
mites were washed from them with water, 
the wash water was made up to 500 ml., 
and after thorough agitation two 10-ml. 
aliquots were drawn off with a pipette 
and the mites in the aliquots counted. 
The average numbers of mites per leaf 
found in late July or early August are 
given in table 2, and in general, they agree 
with the estimates made by the other 
method. 

In 1945 these collections were made on 
July 25, just before the fifth cover spray. 
Dinitro-o-cyclohexylphenol was used in 
treatment No. 12 in both the fourth and 
fifth cover sprays, and therefore a second 
examination of Nos. 10 and 12 was made 
on August 3, 7 days after the fifth cover 
had been put on. The average number of 
mites per leaf at that time had increased 
to 146 in No. 10 and to only 9 in No. 12. 

No doubt heavy infestations of mites, 
if they occur before the end of August, 
interfere with the normal functioning of 
the leaves and result in smaller apples and 
possibly also in reduced color. There was 
so much variation in color in the orchards 
used that no reliable estimate of this 
could be made. There was also consider- 
able variation in size, but the average of a 
large number of trees in 1945, when there 
was a fairly heavy crop, gives some evl- 
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dence of the effect of mites on size. The 
average number of apples per orchard box 
picked from 36 trees having a mite infes- 
tation rated as 1 was 107; from 65 trees 
rated as 2, 115; and from 30 trees rated 
as 3, 136. These trees were grouped with- 
out regard to spray treatment. The aver- 
age number of apples per box from 16 
trees given a standard treatment of lead 
arsenate and summer oil, and having an 
average mite infestation of 1.5, was 108, 
and from 16 trees sprayed with DDT and 
having an average mite infestation of 3.3, 
130. Evidently a mite infestation of 1 does 
not affect the size of the fruit, but greater 
infestations do. 


Fic. 1.—Effect of Pacific mites on apple leaves. 

Left, leaf bronzed; center, leaf bronzed and with 

dead areas along midrib; right, normal leaf. Leaves 

at left and center sprayed with DDT; leaf at right 
sprayed with lead arsenate. 


These experiments show that xanthone, 
as used for controlling the codling moth, 
definitely prevents the Pacific mite from 
developing to the point where it causes 
damage. Infestations do not ordinarily be- 
come higher than 1, there is no foliage in- 
jury, and the fruit is not reduced in size. 
DDT, on the other hand, allows a greater 
development of the mites, resulting in 
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browning or bronzing of the leaves, often 
with irregular dead areas along the mid- 
ribs (Fig. 1), and a consequent dwarfing of 
the fruit. Any mite infestation rated 
higher than 2 will cause this, and even an 
infestation of 2 will have some ill effect. 

There was no evidence that lead ar- 
senate, cryolite, or nicotine bentonite had 
any effect on mite infestations. The addi- 
tion of a small quantity of DDT to half 
strengths of these insecticides consider- 
ably increased the infestation in every 
case. However, the use of DDT in this 
manner with xanthone did not increase 
the infestation to the point where damage 
occurred. A small quantity of an amine 
salt of dinitro-o-cyclohexylphenol added 
to DDT in two of the cover sprays also 
prevented mite damage. The use of 2 
quarts of summer oil with DDT, on the 
other hand, did not prevent mites from 
developing, and the consistent use of 
larger quantities of oil would probably re- 
sult in smaller fruit. 

The conclusion from these experiments 
is that, if DDT were to be used for con- 
trolling the codling moth on apples in 
areas infested by the Pacific mite, definite _ 
measures would have to be taken for con- 
trolling the mites. This could be done by 
using the DDT with xanthone, which is a 
safe procedure, as it has been proved that 
xanthone will not injure the fruit if used 
only after the second cover spray, and ex- 
cellent control of the codling moth has 
been obtained. If the xanthone is used in 
the first and second cover sprays, it 
russets the fruit of Jonathan and of yellow 
varieties. Mite control could also be ob- 
tained by adding a dinitro salt to two or 
more of the cover sprays, if further trial 
of this material shows it to be safe. Slight 
foliage injury was caused by it in 1945. 
Injury from infestations of the mites 
would be too severe to allow DDT to be 
used on apple in this area unless some 
such measures were taken.—11-29-46. 
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Sunflower Seed Weevils and Their Control 
A. F. Sarrertawait, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The sunflower is a rugged, cosmopolitan 
plant yielding 1200 pounds of seed per 
acre. The seed is a prolific source of an oil 
that may be substituted for olive oil in 
foods and confections. Though used as a 
drying oil in Russia and Argentina, sun- 
flower-seed oil would not replace linseed 
oil or dehydrated castor oil as a drying 
oil.! In 1933 an American confectioner had 
5000 acres of sunflowers in one Cuban 
planting for the production of oil. During 
the Second World War sunflower acreage 
was increased for the production of needed 
vegetable oils. 

Experimentation is under way in the 
United States to increase the oil content 
of sunflower seed. The vegetative parts 
may be used as silage, which is nearly as 
good as corn silage for the production of 
beef and milk. In northern latitudes sun- 
flowers are grown in considerable acreages 
and are used, alone and with oats, for for- 
age and silage. Sunflower seed is popular 
in some localities as an equivalent of 
roasted peanuts or popcorn, and is on the 
market in the form of roasted nut meats. 
The seed is also used in poultry-feed mix- 
tures and is a preventive of and a cure for 
beri-beri in birds. 

Forbes (1915) stated that in Illinois 
the production of sunflower seed for oil 
was stopped because of damage by a seed 
weevil, later determined to be Desmoris 
fulvus (Lec.). In 1927 members of the 
Southeast Missouri Cooperative Sun- 
flower Growers’ Association grew about 
5000 acres of sunflowers. Gardner (1921) 
reported that the Paint Manufacturers’ 
Association of the United States produced 
in 1916 approximately 5,000,000 pounds 
of sunflower seed, which, if yielding the 
expected 30 per cent of its weight in oil 
would give about 1,500,000 pounds of oil. 
A test crush of 100 tons of seed was milled 
for oil and gave a satisfactory yield. The 
total amount of sunflower seed produced 
in 1920 in the United States was 6,500,000 
pounds, of which about 70 per cent was 
produced in southeastern Missouri. The 
other important producing areas were in 
southern Illinois and in the San Joaquin 


_} Statement by John C. Cowan, head of Oil and Protein Divi- 
sion, Northern Regional Research Laboratory, Peoria, Ill. 


Valley, California. In recent years, how- 
ever, the production in Illinois and Mis- 
souri had been almost entirely discon- 
tinued until war needs revived interest in 
this crop. The decline of acreage seemed 
to be chargeable especially to the sun- 
flower seed weevils. Brief notes on the 
biology of these weevils and a record of 
experiments for their control follow. 

Lire History.—Two seed weevils, 
Desmoris fulvus (Lec.) and D. constrictus 
(Say), are among the worst pests of cul- 
tivated sunflowers in the United States. 
D. fulvus has been recorded from Illinois 
to California and D. constrictus from New 
Jersey to California. D. fulvus is about 2.5 
mm. long and of bright rufous, or iron- 
rust, color. D. constrictus is slightly larger 
and is gray. Both are single-brooded, and 
in Illinois they make their appearance 
almost simultaneously in midsummer as 
adults on the new crop of sunflowers. Life- 
history studies were conducted in south- 
eastern Missouri and central Illinois, 
chiefly on the genus Helianthus, though 
some other Compositae, obviously hosts 
of other sunflower insects, were examined. 
Adults of D. fulous were observed on sun- 
flowers in the field from July 17 to Sep- 
tember 29, on hybrid sunflowers on Au- 
gust 1, on Stella sunflowers on July 27, on 
Jerusalem artichoke from August 5 to 23, 
and on Helianthus hirsutus Raf. on July 
27. No species outside of the genus Heli- 
anthus was found to be attacked by D. 
fulvus. 

The adult Desmoris weevil punctures 
the soft hull of the sunflower seed with its 
mouth parts and feeds on the kernel. The 
female deposits the eggs singly in some of 
the excavations. The punctures close 
tightly, often without leaving an exter- 
nally visible trace. Specimens of D. fulvus 
eggs measured 0.38 to 0.56 mm. in thick- 
ness and 0.45 to 0.66 mm. in length. They 
are elliptical and white, with a transpar- 
ent shell. With the development of the 
embryo, the egg appears translucent and 
the mandibles and ocelli of the larva may 
be seen through the shell. The eggs hatch 
and the larvae feed within the seeds. 

Desmoris fulvus passes the winter in the 
larval stage. Some individuals were ob- 
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served to remain in that stage nearly 11 
months, but the normal larval period is 
about 10 months. Some of the mature 
larvae leave the achenes and go to the soil 
before harvest; others remain within the 
hull until the following spring or early 
summer. Pupation normally takes place 
in the soil, the length of the pupal period 
being about 8 days. The larvae that cut 
out of the achenes before harvest, or later 
while the seed is in storage, leave con- 
spicuous holes, the presence of which 
eens reduces the selling price of the 


Desmoris constrictus was taken in the 
adult stage from June 28 to September 21, 
and mating was observed on August 15 
and 31. No eggs of D. constrictus were ob- 
tained. This species occurred in the com- 
mercial sunflower in relatively small num- 
bers, estimated at one D. constrictus adult 
to 20 or 30 D. fulvus. No specific charac- 
ters were recognized by the writer for dis- 
tinguishing the two species in the larval 
stage. Larvae left the achenes and entered 
the soil as early as August 13, but some 
remaired alive throughout the winter in 
achenes of hybrid sunflowers. Almost all 
the overwintered larvae in seeds of hybrid 
double-flowered sunflowers seemed to be 
D. constrictus. The hybrid seeds infested 
by this species were greatly inflated, but 
there was no recognizable inflation of the 
commercial sunflower seed. One larva, 
removed on August 10, 1934, from a hy- 
brid sunflower seed, remained in the larval 
stage till July 17, 1935, and subsequently 
yielded an adult. Some other larvae ap- 
peared large enough to be this species, but 
failed to yield adults. Remains of this 
species were identified in bin-run com- 
mercial sunflower seed. Although larvae 
found in wild sunflower seeds were not suc- 
cessfully reared, the adults of the two 
species were associated on the flower heads 
and it may be assumed that both species 
breed in the seeds of the wild sunflower. 

NaturaL Controu.—One hymenop- 
terous parasite, Microbracon mollitor Say, 
was reared frequently from larvae of Des- 
moris fulvus from one locality—Loving- 
ton, Ill.—being found in 65 per cent of the 
heads examined in 1939. The larva of this 
parasite binds the larval remains of the 
host to the silken cocoon. 

ArtiFIcIAL Controut.—At present no 
satisfactory method for the control of 
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these seed weevils is known. With such tall 
and long-flowering varieties of sunflowers 
as were in commercial production during 
1934 and 1935, insecticidal control seemed 
impracticable. Experimental trials with 
calcium arsenate, lead arsenate, sodium 
fluoride, pyrethrum, talc, hydrated lime, 
gypsum, and hand picking gave unfavor- 
able results. The chemicals were applied 
dry, with small hand bellows. 

As some larvae fall to the ground before 
harvest and pass the winter in the soil, 
fall plowing should afford some control. 
Crop rotation might aid slightly, as the 
adult beetles fly freely. The development 
of hybrid strains may result in plants of 
medium height and with a short, uniform 
blooming period. With such plants insecti- 
cidal treatment might become practicable. 
In any event enough apparent resistance 
to attack by these weevils was observed 
to warrant an effort to develop resistant 
strains; therefore experiments were begun 
in 1936. 

ResisTaANT VARIETIES.—Seeds of va- 
rietal strains of the sunflower Helianthus 
anuus L. were obtained from as many dif- 
ferent sources as possible for field tests 
and were planted at two or more widely 
separated locations. Open-pollinated seeds 
were obtained from Missouri and Califor- 
nia and also from Argentina, Brazil, 
Czechoslovakia, France, Germany, Hol- 
land, Hungary, Italy, Rumania, Turkey, 
and the Union of Soviet Socialist Repub- 
lics. Inbred seeds from Canada were also 
obtained. 

When the plants had matured, the 
seeds were examined and those from 
plants showing the lightest infestations 
were saved for replanting. The selections 
were to be planted and reselected through 
a series of years until a strain homozygous 
for the factors adverse to weevil infesta- 
tion was established. 

In 1936 plots were established at East 
Prairie, Mo., and Alhambra, II]. In 1937 
these plots were continued and a small 
trial planting was made at Urbana, IIl. 
In 1938 the East Prairie and Urbana plots 
were continued, a plot was established at 
Lovington, IIl., and a few hills were plant- 
ed at Oakwood, Ill. In 1939 plots were 
maintained at Lovington and at Oakwood, 
and some selections were planted at 
Urbana. In 1940 a planting was made at 
Lovington only. 
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Babcock & Clausen (1927), in discussing 
the isolation of pure lines from mixed 
populations, classified the sunflower as a 
self-sterile species. The present writer's 
limited experience in attempting to pre- 
vent insects from infesting certain sun- 
flower heads by enclosing them in paper 
bags resulted in complete sterility in those 
heads. Selection for resistance was there- 
fore begun on the assumption that the 
sunflower was completely self-sterile and 
that it would be necessary to establish 
homozygous lines by sibbing instead of 
self-fertilization. With mixed populations 
of unknown genetic factors, the original 
selections would have to be made on the 
basis of phenotypic similarity. This pro- 
cedure would depend on (1) the presence 
of sufficiently heavy weevil infestation to 
show a difference in susceptibility, (2) 
the number of genetic factors for which 
each of the selected individuals is hetero- 
zygous, (3) the number of genetic factors 
with respect to which the two selected 
individuals differ, and (4) the number of 
chromosomes in the species. 

During the 1936 and 1937 seasons the 
work was conducted by controlled cross- 
pollination or sibbing of bagged half-heads 
on plants grown from seed taken from 
heads that were lightly infested the pre- 
vious year. After a discussion of technique 
with C. M. Woodworth, of the Depart- 
ment of Agronomy, University of Illinois, 
in 1937, and before it was learned that 
selfing was possible, as reported by Mc- 
Rostie (1924) and Hamilton (1926), the 
plan of splitting heads into halves and 
bagging one half was followed success- 
fully. The un-bagged half was left exposed 
to infestation, in order to measure the 
resistance or susceptibility of the plant. 
Pollen was transferred by means of a 
saucer and a camel’s-hair brush from the 
covered part of the head of one selected 
plant to the covered part of another. 

Selfing was used exclusively on the 
Lovington plot in 1938 and on all subse- 
quent plots. Many selections made in 
previous years were planted in 1939 for 
the purpose of attempting this method of 
breeding. McRostie (1924) and Hamilton 
(1926) reported on a measure of self- 
fertility in sunflowers. McRostie stated 
that the Central Experimental Farm at 
Ottawa, Canada, had about 10,000 plants 
that were the result of five generations of 
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self-fertilization. Hamilton stated that 
after two or three generations several 
hundred heads were selfed under paper 
bags, with 15 to 50 per cent set of seed on 
nearly all. 

The method of analyzing infestations 
varied somewhat from year to year. In 
1936 all seeds were winnowed, and exit 
holes of weevil larvae were counted in all 
the seed not discarded with the chaff. In 
1937 the East Prairie seed was not win- 
nowed, and weevil holes in undeveloped 
and developed seeds were recorded sep- 
arately. Care was taken to distinguish 
between weevil holes and exit holes of 
other insects. The seed from Alhambra 
was treated as in 1936. In 1938 the seed 
was not winnowed but was divided by a 
Boehm sampler, and one-fourth of the 
seed from each head was examined. In 
1939 the samples were reduced to 100 
kernels from each head. The Lovington 
plots were so heavily infested that nearly 
all kernels were destroyed in the em- 
bryonic stage by the feeding of the adults. 
The remaining kernels, even when only 
slightly developed, were 75 per cent in- 
fested with ijarvae. In 1940 winnowing 
was applied in moderation and a sample 
of 50 kernels per head was examined. 

Variation among the individual plants 
in intensity of infestation may be due 
either to inherent differences in the plants 
themselves or to chance. The lack of uni- 
formly intense weevil infestations was one 
of the difficulties encountered in these 
studies. It was apparent that the insur- 
ance of significant results requires some 
dependable method of exposing the heads 
to infestation, such as the introduction of 
a fixed number of male and female wee- 
vils into the bag covering each sunflower 
head or half-head. As shown in table 1, 
infestations of the plots planted in dif- 
ferent localities and years ranged from 5 
to 99 per cent of plants from which seed 
examinations were made, and from less 
than 1 to 75 per cent of all seed examined. 
Whatever the cause, extreme differences 
in infestations of individual plants oc- 
curred in some years. Selections of seeds 
from the least damaged, as well as the 
most seriously damaged, plants were 
made for the purpose of isolating re- 
sistant and susceptible lines and of fixing 
or intensifying resistance by the applica- 
tion of standard methods of breeding. 
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The planting at Lovington in 1939 cov- 
ered a half-acre in a field that had con- 
tained 55 acres of heavily infested sun- 
flowers the previous year, and was the 
only known planting within a radius of 16 
miles. For this reason the plots were in- 
tensely infested and afforded a particu- 
larly good test of resistance. As many as 
2130 adult weevils were found on one 
plant, and weevils were clustered on all 
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percentage of seeds infested from 31 in 
1938 to 75 in 1939 was not nearly so great 
as was expected. Even though the 1939 
plots were exposed to an extremely severe 
infestation, the percentage of seeds in- 
fested was only two and a half times that 
of the previous year and only three- 
fourths of the possible rate. 

Table 2 shows the sources and per- 
centages of seeds infested in selected 


Table 1.—Average infestations by Desmoris spp. in sunflower plots planted in different 


localities and years. 
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_ Table 2.—Sources of sunflower seed and percentages of seed infested in plants selected for low and 
high weevil infestation at Lovington, IIl., in 1940. 
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sunflower heads containing fresh florets. 
Although weevil larvae were present in 
practically all heads examined, only 75 
per cent of the seeds not destroyed by the 
adults were infested. In the 1938 plots in 
the same field, when the rest of the field 
was also planted to sunflowers, 99.3 per 
cent of the plants and 31 per cent of the 
seeds were infested. Considering the com- 
parative sizes of the areas exposed to in- 
festations in the two years, the increase in 


lines of sunflower families from which se- 
lections were made in 1940 for low and 
high weevil infestations. The “family” 
record of infestation for the initial year 
of selection is that of the one selected 
plant. Compared with the substantial 
family averages for the duration of the 
experiment, strains 3, 5, 11, 24, 28, 32, 
and 33 appear to be relatively resistant, 
and 11 and 28 particularly so. 

The seed in a covered head or half- 
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head was largely protected from infesta- 
tion. Some infestations, however, seemed 
to be concentrated in bagged heads or in 
the bagged portions of half-heads. The 
enclosed entire head from which the seed 
of selection No. 33 was taken in 1939 is a 
striking example of this condition. 

In general, the descendants of sibbed 
and of selfed plants were as heavily in- 
fested as the open-pollinated varieties, 
and inherent resistance to the weevils 
apparently occurred in only a very few 
lines or individual plants. The most 
promising line produced during the sev- 
eral years was Selection No. 28, which 
showed practically no infestation by lar- 
vae in 1940, notwithstanding a most in- 
tense infestation by adults. The parent 
variety from which this line descended 
came from Edirne, Turkey. The head 
originally selected in 1937 from the plant- 
ings at East Prairie, Mo., showed 36 per 
cent of the seed infested, while the average 
seed infestation of all the heads examined 
from the plantings made in that year and 
that locality was 59 per cent. (See Table 
2.) The head selected in 1938 from the 
second generation showed 16 per cent in- 
festation, while the average of the several 
sister plants in the same plot was 21 per 
cent. The head selected in 1939 from the 
third generation showed no infestation, 
while the average of the several sister 
plants in the same plot was 57 per cent. 
This plant was the second or third to 
bloom. Examination of 100 seeds from 
another plant, which bloomed one day 
earlier, showed 12 per cent infested. Seed 
of another plant, which bloomed five days 
later, was 61 per cent infested. Thus the 
noninfested head would seem to have had 
some resistance, because so far as the 
effect of the time of blooming on infesta- 
tion was concerned, the proportion of 
seeds infested might be expected to fall 
somewhere between 13 and 61 per cent. 

As shown in table 2, the selection from 
Nyirmada District II, Hungary, has also 
been promising. Infestation in 1939 in four 
progeny of a plant of this selection, sibbed 
in 1938, ranged from 2 to 7 per cent, 
averaging 5 per cent, as compared with an 
average seed infestation of 75 per cent in 
all plantings. In 1940, at Lovington, five 
progeny averaged 5.7 per cent infesta- 
tion, as compared with 8 per cent seed 
infestation in all plots. From the results 
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of the successive selections it appears that 
both the Turkey line and the Hungary 
line possess a material degree of resist- 
ance to the seed weevils. Seed of the re- 
sistant inbreds was turned over to C. M. 
Woodworth in 1944 for use in further 
breeding experiments. 

This attempt to find and establish 
strains of sunflowers resistant to the seed 
weevils resulted in the apparent isolation 
of at least two strains definitely resistant 
to weevils. The technique of halving the 
heads and controlling pollination by keep- 
ing one-half bagged and obtaining a rec- 
ord of infestation in the unenclosed half 
was found practicable. Self-pollination es- 
tablished a few seeds in most plants in the 
first generation and more in subsequent 
selfings. Seed weevils rarely occur in suf- 
ficient numbers to infest all nonresistant 
plants in the experimental plots. Such ir- 
regularity in the natural infestation al- 
lows too many plants to escape without 
an adequate test of resistance. The 
unique infestation of 1939 was the only 
highly significant one in the experiments 
conducted by the present author. There- 
fore, the confinement of a fixed and ample 
number of both male and female weevils 
on each bagged sunflower head or half- 
head appears to be necessary to insure an 
effective test of resistance or nonresistance 
in any strain. 

SumMary.—Larvae of Desmoris fulvus 
(Lec.) and D. constrictus (Say) damage the 
sunflower-seed crop by feeding inside the 
kernels and making exit holes in the 
achenes. Both species have only one gen- 
eration a year. The adults are present in 
the field from midsummer until late in 
September, and they lay their eggs singly 
in the immature sunflower seeds. The lar- 
vae soon become full grown, and some 
leave the seeds to winter in the soil. Others 
pass the winter within the seeds. Pupation 
normally takes place in the soil and re- 
quires about eight days. Attempts to 
control these weevils by applying insect- 
cides to the sunflower heads were made in 
1934 and 1935 without success. During 
the years 1936 to 1940 experiments were 
conducted to find and develop strains of 
sunflowers resistant to attack by these 
weevils and then bring into the resistant 
line or lines other desired qualities. Tests 
included strains from many countries and 
were made in widely separated areas in 
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Illinois. Methods included sibbing and 
selfing under control and comparing rates 
of infestation from generation to genera- 
tion and in covered and uncovered por- 
tions of individual heads. Infestations 


ranged from 5 to 100 per cent of plants 
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and from less than 1 per cent to as high 
as 75 per cent of the seed. Seven of the 
strains which had been developed by sib- 
bing and selfing appeared to be relatively 
resistant, and two of them particularly 
so.— 10-21-46. 
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Effect of Lead Arsenate Sprays on the Pecan 
Weevil and Other Pecan Insects 


C. B. Nickets and W. C. Prerce,! U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Spraying experiments to determine the 
effectiveness of both lead arsenate and 
cryolite in the control of the pecan weevil, 
Curculio caryae (Horn), were conducted 
in the field and in the laboratory in central 
Texas in 1943-45. Observations were also 
made on the effect of certain treatments 
on two other insects attacking pecan, the 
aphid Monellia sp. and the pecan nut 
casebearer Acrobasis caryae Grote. 

MATERIALS AND Metuops.—The ma- 
terials tested were acid lead arsenate and 
natural cryolite (sodium fluoaluminate 
not less than 90 per cent). Summer-oil 
emulsion (a commercial emulsion contain- 
ing 83 per cent of oil) was used as a sticker 
in certain tests, and a mixture of hydrated 
lime and zinc sulfate was included in some 
of the tests as a safener for lead arsenate. 

Several toxicity tests were carried on 
each year in wire-screen cages placed over 
sprayed and unsprayed pecan branches. 

Two varieties of pecan were used for 
many of the field tests, although in one 
test it was necessary to use a group of 
seedling trees. The treatments were ap- 
plied to single-tree plots and were repli- 
cated 8 to 14 times. 

The sprays were timed by observations 
on weevil development. Large numbers 
of weevils emerge late in August or in 
September, after periods of heavy rain- 
fall. If observations at such times showed 
that nuts were being punctured, 10 trees 


1 The junior writer was associated with this project in 1943 
and 1944. 


were jarred to determine the numbers of 
weevils that had emerged. Spraying was 
done with a power machine, from the 
ground or from the top of the sprayer, at a 
pressure of 500 to 600 pounds, a single- 
head gun being used. The first spray treat- 
ment was applied shortly after many of 
the weevils had emerged, but before many 
eggs had been deposited. Usually two 
spray applications were made, about ten 
days apart. 

Two criteria were used in determining 
the effectiveness of the spray treatments. 
(1) The numbers of nuts punctured by 
weevils during the principal period of 
weevil activity. (Near the beginning of 
the oviposition period, serially numbered 
tags were placed on 50 nut clusters of each 
tree of the varieties Schley and Western. 
Punctures on Mahan variety were deter- 
mined by examining approximately the 
same number of nuts at the end of the 
period of weevil activity.) (2) The propor- 
tion of weevil-infested nuts harvested 
from each tree used in the tests. (A repre- 
sentative sample of 250 nuts was exam- 
ined from each tree.) 

Cace Trest.—The wire-screen sleeve 
cages used in the tests were 8 inches in 
diameter and 24 inches long. In 1943 and 
1944 10 adult weevils (9 females and 1 
male) jarred from trees and in 1945 10 
females taken from the soil were used in 
each cage. Nut-bearing branches that 
had not been sprayed previously were 
sprayed with the test mixture and the 
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cages were then placed over them. The 
preliminary cage tests in 1943 indicated 
that lead arsenate had considerable toxic- 
ity to the weevils. In 1944 and 1945 more 
extensive tests were made. The results are 
summarized in table 1. 

The mortality was variable and in some 
tests not very high. The reduction in the 
number of feeding punctures ranged from 
74 to 97 per cent. The spray material ap- 
peared to be repellent to the beetles. 

Fietp EXPERIMENTS IN 1943.—Field 
experiments were carried on at Gustine, 
Tex. The treatments were replicated 8 
times on the Mahan variety and 11 times 
on the Western. The trees bore a medium 


Table 1.—Toxicity of lead arsenate sprays to 
the pecan weevil, Brownwood, Tex., 1944-45. 








QuaAN- 
TITY WEE- 
SPRAY PER 100 ~—~VILS 
Marerrats GaALLons Usep 


Wee- FEEDING 
vits Punc- 
DEAD TURES 





Pounds Number Per cent Number 

1944. Branches sprayed Sept. 13, examined Sept. 20 

Lead arsenate 3 
Lime 

Zinc sulfate 1 

Lead arsenate 6 

6 


72 79 71 


Lime 75 99 8 
Zine sulfate 2 
None — 80 13 271 
1945. Branches sprayed Aug. 4, examined Aug. 11 
Lead arsenate 6 
Lime 
Zinc sulfate 2) 
None — 100 8 40 - 
1945. Branches sprayed Aug. 14, examined Aug. 28 
Lead arsenate 6 
Lime 6 
Zine sulfate 2 


None 


95 26 12 


72 71 16 
66 32 53 





crop, and the infestation was heavy. Rains 
caused a 5-day delay in the application of 
the material, and a considerable number 
of eggs were deposited in the nuts before 
this application could be made. The re- 
sults of these experiments are given in 
table 2. 

Fretp ExpeRIMENTs IN 1944.—Since 
cryolite appeared to have little value, fur- 
ther experiments were restricted to lead 
arsenate in various mixtures. In 1944 lead 
arsenate was tested at two strengths— 
one on the Schley variety, with 14 repli- 
cations, and one on the Mahan variety, 
with 12 replications. There was a heavy 
nut erop, and the weevil infestation was 
light to medium, because of a nearly com- 
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Table 2.—Effect of cryolite and lead arsenate 
sprays on weevil infestation, Gustine, 
Tex., 1943. (Sprays applied September 6 and 18.) 








Nuts 
Quantity PuNncturEep Harvestep 
SPRAY PER 100 DURING Nuts 
MateriAts GALLONS SEASON INFESTED 





Pounds Per cent 
Mahan Variety 
Cryolite 6 73.2 
Oil emulsion 2 qt. 2 
Lead arsenate 6 46.1 
79.5 


Per cent 


63.9 


$2.51 
None —_ 66.6 
Western Variety 
Cryolite 6 49.5 
Oil emulsion 2 qt. : 
Lead arsenate 6 22.7 
None -- 62.4 


39.4 


21.5? 
49.8 





1 Difference from check significant at odds of 19 to 1. 
2 Difference from check significant at odds of 99 to 1. 


plete crop failure in 1942. The first spray 
treatment was applied before any con- 
siderable number of eggs had been laid. 
The rainfall was light and did not greatly 
reduce the spray deposits. The results of 
these tests are summarized in table 3. 

Fretp EXPERIMENTs IN 1945.—The 
lead arsenate treatment (6 lb. per 100 gal.) 
with lime, zine sulfate, and oil emulsion, 
was tested in two orchards near Brown- 
wood, Tex. One test was on the Burkett 
variety and was replicated 14 times. The 
second test was on seedling pecan trees 
and was replicated 10 times. The crop was 
light and the weevil infestation heavy. 
The results of these tests are given in 
table 4. 

Errect orf Sprays ON TREES.—In 1943 
lead arsenate alone caused slight injury to 


Table 3.—Effect of lead arsenate sprays on 
pecan weevil infestation, Gustine, Tex., 1944. 
(Sprays applied September 1, 2, and 11.) 








Har- 
VESTED 
Novts 
INFESTED 


Nuts 
Quantity PuNcTURED 
PER 100 DURING 
GALLONS SEASON 


SPRAY 
MATERIALS 





Pounds Per cent 
Mahan Variety 
3 


Per cent 


Lead arsenate 
Hydratedlime 3 
Zinc sulfate 1 
None _ 24.2 
Schley Variety 
6 


8.2 6.3! 


15.9 


Lead arsenate 
Hydrated lime 6 
Zine sulfate 2 
None —_ 


16.0 10.1! 


56.1 36.8 





1 Difference from check significant at odds of 99 to 1. 
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Table 4.—Effect of lead arsenate sprays on 
pecan weevil infestation, Brownwood, Tex., 1945. 








Quantity HarvESTED 
PER 100 Nots 
GALLONS INFESTED 


Pounds 
Burkett Variety 
Lead arsenate 6 
Hydrated lime 6 
Zinc sulfate 2 
Oil emulsion 1 qt. 


None 

Seedling Pecan Trees 
Lead arsenate 6 
Hydrated lime 6 
Zinc sulfate 2 
Oil emulsion 1 qt. 
None — 


SPRAY 
MATERIALS 





Per cent 


7.518 


50.5 


79.2 
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1 Spray applied Sept. 1 and 11. 

2 Spray applied Aug. 27, Sept. 5 and 14. Nicotine sulfate 7 oz. 
included on Sept. 5. 

3 Difference from check significant at odds of 99 to 1. 


several pecan trees at Gustine; however, 
humid conditions followed the application 
of the spray. In 1944 and 1945 pecan trees 
sprayed with lead arsenate in combina- 
tion with lime and zinc sulfate showed no 
evidence of injury. This treatment is 
probably unsafe on pecan foliage, except 
in semiarid or arid climates. 

Errect ON ARSENICAL SPRAYS ON 
Apuip INFesTaTION.—In one orchard used 
in the 1945 tests 40 leaflets from 8 check 
and 8 sprayed Burkett trees were exam- 
ined on September 10, to determine the 
population of the yellow hickory aphid 
Monellia sp. An average of 32.5 aphids, 
were on each leaflet on the check trees, 
and 112.7 on each leaflet on the trees that 
received an arsenical-spray treatment on 
September 1. The difference was signifi- 
cant at the 1-per cent level. 

No counts were made that year to de- 
termine the aphid population on trees in 
the seedling grove, but it was observed 
that after an arsenical-spray treatment on 
August 27 aphids were much more abund- 
ant on the sprayed than on the check 
trees. Nicotine sulfate was included in the 
second application (Sept. 5) in this or- 
chard, and may be needed in weevil sprays 
in order to keep down aphid infestation. 

Errect oF ARSENICAL SPRAYS ON THE 
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Nut CAsEBEARER.—During the winter 
following each season’s tests, observations 
were made to determine the effect of cer- 
tain sprays on the abundance of the pecan 
nut casebearer. Fifty shoots on each of 10 
to 12 sprayed trees and on an equal num- 
ber of unsprayed trees were examined for 
hibernacula. The records obtained are 
summarized in table 5. 


Table 5.—Effect of lead arsenate sprays, ap- 
plied early in September, on the hibernating 
generation of the pecan nut casebearer in central 
Texas, 1943-45. 








HispERNACULA ON 
SHoors 





QUANTITY 

Spray PER 100 Pecan Un- 
Mareriats Gations Variety sprayed Sprayed 
Percent Per cent 
0.8 


Pounds Mah 
ahan 5.0 
Lead arsenate 6 ie. 73 -8) 


Lead arsenate 
Hydrated lime 
Zinc sulfate 


YEAR 





1943 


1944 


3 
4 Mahan 4.2 8 
1 


jeet atumete 6 
ydrated lime 6 

Zinc sulfate 2 Burkett 
Oil emulsion 1 qt. 





SuMMARY.—Laboratory tests showed 
that spray applications of lead arsenate 
caused considerable mortality and a re- 
duction in feeding by the pecan weevil 
(Cureulio caryae (Horn)). In the field 
natural cryolite was ineffective in weevil 
control. Two spray applications of lead 
arsenate with and without safeners were 
moderately effective in protecting pecan 
nuts in September from injury by the pe- 
can weevil. Lead arsenate alone caused 
slight injury to pecan foliage in central 
Texas in 1943, but this material in combi- 
nation with lime and zine sulfate caused 
no injury in 1944 and 1945. Under certain 
conditions applications of lead arsenate 
spray may occasionally result in a large 
increase in the aphid (Monellia sp.) popu- 
lation on the trees, and it may be neces- 
sary to add nicotine sulfate to control the 
aphid infestation. Two applications of lead 
arsenate spray in September to control the 
pecan weevil effected a large reduction in 
the abundance of the overwintering popu- 
lation of the pecan nut casebearer.— 
11-9-46 
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Sub-Soil Bark Injury from Kerosene Spray 


Waurer Eseuine, University of California, Los Angeles 





Kerosene has been used experimentally 
in the spraying of red scale-infested citrus 
trees at 10 per cent concentration, derris 
extractives being added to increase its in- 
secticidal effectiveness (Ebeling 1942). It 
was found that if depressions in the soil 
occurred about the trunk so as to cause an 
accumulation of the run-off spray, too 
much kerosene was brought into contact 
with the bark immediately below the soil 
line. Since the kerosene beneath the sur- 
face of the ground could not evaporate 
freely as it does above ground, it often 
injured and killed the bark, turning it 
brown in color. In the case of densely 
foliaged young trees, a large proportion of 
the spray flowed down the trunk and 
soaked into the soil, resulting in the 
girdling of many trees in semi-commercial 
trials of 10 per cent kerosene-derris ex- 
tractives sprays in 1941. This type of in- 
jury was avoided by making a mound of 
soil around the trunk previous to spraying. 
These mounds were removed soon after 
spraying. 

More recently, experiments have been 
made with 3 per cent kerosene-DDT 
sprays in the control of red scale on citrus 
(Ebeling 1945). It was found that two 
properly spaced sprays of 3 per cent kero- 
sene, with 2 pounds of DDT dissolved in 
3 gallons of kerosene, generally resulted in 
good control of red scale without the 
usual adverse effects of the heavier 
petroleum oil fractions generally used in 
citrus spraying. However, it was found 
that even with 3 per cent kerosene, if 


bark injury tests. 





basins were made around the trunks of the 
trees, and the trees were excessively 
sprayed, injured bark might occasionally 
be found immediately beneath the surface 
of the soil. On the other hand, it appears 
that when 3 per cent concentrations of 
kerosene are used, sub-soil injury can be 
avoided if the soil is not depressed ad- 
jacent to the trunk. 

With the exception of the possibility of 
sub-soil injury to the bark under the con- 
ditions mentioned above, kerosene spray 
apparently can be used in citrus spraying 
without the adverse effect on the trees 
and on fruit quality attendant upon the 
use of the present types of spray oils. 
Therefore it seemed justifiable to make a 
study of what it is about the kerosene that 
causes injury to the bark when evapora- 
tion is. prevented. Since similar injury 
is very rarely found when light medium 
oil is used as a spray, it was presumed that 
at least to a certain point sub-soil injury 
increases with decreasing “heaviness” of 
the petroleum fraction and that in the 
range of ordinary commercial kerosene 
the ligher fractions might account for a 
large part of the injury. 

EXPERIMENTAL ProcepuRE.—Through 
the courtesy of Union Oil Company, 10 
cuts distilled from the regular Union Oil 
kerosene were made available for experi- 
ments designed to determine the relation 
of distillation range of a kerosene fraction 
to sub-soil bark injury. In table 1 are 
shown the distillation ranges of the 10 
cuts of kerosene. Cuts 1, 2, 3, 6, 8, and 10 





Table 1.—Gravity and distillation range of 10 cuts distilled from kerosene and used in sub-soil 




















Cur TEMPERATURES (DEGREES F.) at Wuicu DistrLation Was— 





Num- | GRAVITY) 
BER | °API | IBP 10% 2% 30% 


40% 50% 60% 10% 80% 909% 95% 





47.8 260 289 294 302 
44.3 336 348 351 354 
43 .6 355 383 386 389 
43.5 355 386 388 393 
43 .2 382 390 394 396 
42.9 396 404 406 408 
42.3 406 426 427 429 
41.7 425 443 444 446 
41.3 437 460 462 463 
40.9 450 476 479 481 


Ce ON AO Se Owe 


1 











307 $138 318 322 327 338 352 
356 360 364 368 376 390 408 
392 396 400 407 415 428 440 
397 400 406 411 420 430 441 
398 400 404 408 412 424 432 
410 411 414 416 420 424 430 
430 432 434 436 438 442 447 
447 448 449 451 453 456 460 
464 465 466 468 470 472 476 
483 484 485 487 488 491 496 
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were employed in the present experiment. 

Basins were made around the trunks of 
alternate 8-year old Navel orange trees by 
piling damp soil around the trunks and 
forming the soil into the proper shape to 
hold the spray mixture. The basin thus 
formed gathered much of the spray fiow- 
ing down the trunks of the trees and 
caused it to soak into the soil adjacent_to 
the trunk, 

Five trees were sprayed with 10 per 
cent kerosene, using 8 ounces of blood 
albumin spreader to 100 gallons of spray, 


Table 2.—Differences in the injurious effects 
of various fractions of kerosene to the sub-soil 
bark of the trunks of orange trees. 








Per Cent or CIRCUMFERENCE OF 
Trun« Havine Bark KILLED 
BY THE KEROSENE 





Disti1L- 

LATION 
Cur Ranoeh 

NuMBER (°F) 


1 260-352 | 100 | 100 
2 336-408 100 | 100 | 100 
3 355-428 | 100 50 66 
6 396-424 20 16 8 
8 425-460 | 25} 0/| 0} 
10 450-496 0 0 
Kerosene | 260-595 75 | 66 


Tree number 








100 | 100 | 100 | 100 
75 | 100} 5 
75 | 40| v5 
48} 60| 30 
8; 0 6 
0 0; Oo 0 
16 100 | 33 58 
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and 5 trees were sprayed with 10 per 
cent concentrations of 6 of the 10 cuts of 
kerosene supplied for the investigation. 
The trees were excessively sprayed to in- 
sure the filling of the basins formed 
around the trunks. These basins each 
held a gallon or more of spray. The 
sprays were applied January 4, 1946. The 
soil was removed from around the trunks 
and the bark was examined on June 17, 
1946. By that time, injured portions of 
the bark were dead and had turned 
brown. Injured tissue was removed by 
means of a specially constructed scraper 
and a visual estimate of the per cent of 
the circumference of the trunk beneath 
the original soil line composed of injured 
bark was made for each tree. 
Resutts.—In table 2 is shown the es- 
timated per cent of the circumference of 
each tree trunk with bark killed by the 
kerosene which had run down the trunk 
and soaked into the ground. It will be 
noted that with each increase in the 
“heaviness’’ of the kerosene cut, as indi- 
cated by its distillation range, there was 
a corresponding decrease in sub-soil bark 
injury, until at a distillation range of 450° 
to 496° F. (cut number 10) no sub-soil 
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injury to the bark was found. It can be 
seen from table 2 that Union Oil kero- 
sene was intermediate in its injurious ef- 
fect between the heavy and the light cuts 
of kerosene. 

Figure 1 shows the relation between the 
temperature for 50 per cent distillation of 
the kerosene in the various cuts and the 
average per cent of the circumference of 
the trunk beneath the soil line killed by 
the kerosene. When the 10 per cent distil- 
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TEMPERATURE (F) FOR 50 % DISTILLATION 


Fic. 1.—The relation of “heaviness’’ of six kerosene 
cuts to sub-soil bark injury to orange trees from 
10 per cent kerosene sprays. 


lation point was used, instead of the 50 
per cent distillation point, to show the 
injury-distillation relationship, a curve 
was formed of very similar characteristics. 
This is probably due to the fact that the 
various cuts have such a narrow distilla- 
tion range. 

It can be seen from table 2 and figure 1 
that even under the conditions of exces- 
sive spraying and the accumulation of the 
spray in specially prepared basins to force . 
the kerosene to soak into the tree trunk, 
little injury was obtained from the kero- 
sene cuts with initial boiling points 425° 
or higher. 

Another experiment was made with the 
lightest (No. 1) and the heaviest (No. 10) 
of the kerosene cuts. Ten per cent concen- 
trations were thoroughly shaken in a 5- 
gallon can and poured into basins sur- 
rounding the tree trunks. This time 5 
trees were used for each kerosene cut. 
Again the trees treated with the lighest 
kerosene fraction were completely girdled 
and the trees treated with the heaviest 
fraction suffered no injury whatever. 

Ten trees around which basins had 
been formed were sprayed with 3 per cent 
kerosene-DDT. The kerosene was a mix- 
ture of equal parts of cuts 5, 6, 7, 8, 9, and 
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10 (see table 1 for distillation ranges). 
These trees were -sprayed December 18, 
1945, and examined June 17, 1946. Care- 
ful examination of the trunks below the 
soil line revealed no evidence of injury to 
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the bark. Probably a kerosene with initial 
boiling point in excess of 375° F., at 3 per 
cent concentration, would make a spray 
with a high margin of safety in ordinary 
commercial citrus spraying.—10-15-46. 
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The Oriental Fruit Moth on Nursery Stock 


M. H. Brunson, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The oriental fruit moth Grapholitha 
molesta (Busck), a pest of peach, plum, 
quince, apple, and other plants, is now 
known to occur throughout most of the 
United States. Before it had reached its 
present range, the official agencies of a 
number of uninfested western States 
placed restrictions on the movement of 
nursery stock into those States from in- 
fested areas. For entry it was required 
that the stock be given a prescribed treat- 
ment (fumigation with methyl bromide). 
This restriction was based on the assump- 
tion that the larvae could hibernate suc- 
cessfully on nursery stock and be trans- 
ported on it to new areas in a living 
condition. This assumption was chal- 
lenged, and a clear-cut answer could not 
be found in the literature on the subject. 
Studies on the points in question were 
therefore conducted in New Jersey and 
Maryland in 1944 and 1945. Stock of the 
most susceptible kinds of plants in several 
nurseries was examined for larvae in the 
twigs and fruit. The plants on which lar- 
vae were found were examined in the fall 
for hibernacula, or winter cocoons. 

LARVAE IN Twics ON NursERY STOCK. 
—During the latter part of August and in 
September of the years 1944 and 1945 
nursery stock was examined in five nur- 
series in New Jersey and in three in 
Maryland, to determine the larval popu- 
lation in the twigs. Succulent twigs and 
larvae were found in greatest abundance 
in the New Jersey nurseries and were 
scarce in Maryland, chiefly because of dry 
weather early in August of both years. 
Without succulent twig growth or fruit, 
this pest does not thrive. 

In New Jersey more than 10,000 peach 
trees, representing all the common varie- 


ties, were examined in 3 nurseries in 1944. 
The greatest number of larvae found was 
14 per 1000 trees, and the average was 5 
per 1000. In 1945, 10,466 trees were exam- 
ined in 2 New Jersey nurseries, and a 
heavier infestation was found. The great- 
est number found was 227 per 1000 trees, 
in the latter part of August. A reexamina- 
tion of some of the same trees a month 
later (September 25) showed about 100 
larvae per 1000 trees. 

In Maryland the infestations were 
much lighter because of the lack of succu- 
lent twigs. In 1944 only 11 larvae were 
found in 23,250 peach trees examined, and 
the most heavily infested Maryland nur- 
sery averaged only a little more than 1 
larva per 1000 trees. In 1945 the Mary- 
land infestation was less than one-fifth as 
great, only 9 larvae being found in 43,600 
trees examined in 3 nurseries. 

Nursery stock other than peach was 
examined in 4 nurseries in New Jersey 
and 3 in Maryland in 1944. In New Jersey 
9 larvae were found in twigs on 126 trees 
of ornamental peach (3 varieties), only 
1 larva on 683 ornamental quince plants 
(8 varieties), and 30 larvae on 1246 orna- 
mental cherry trees (on 6 of 13 varieties). 
No larvae were found on twigs of 3273 
ornamental crab apple trees (11 varieties) 
and none on 4639 apple trees (13 com- 
mercial varieties). 

In Maryland, no larvae were found in 
1944 in twigs of the following trees: 

2000 cherry 
1100 nectarine 
7357 apricot 
3928 plum 
6550 apple 
500 pear 
2650 ornamental plum 


2657 ornamental peach 
75 ornamental quince 


(10 varieties) 
( 3 varieties) 
( 7 varieties) 
( 4 varieties) 
(22 varieties) 
( 6 varieties) 
( 2 varieties) 
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In 1945 several thousand plants belong- 
ing to the genera Prunus, Malus, and 
Cydonia were examined for twig-infesting 
larvae in three nurseries in New Jersey 
and three in Maryland. The only larva 
found was on a species of flowering almond 
in New Jersey. Succulent twig growth was 
relatively scarce on stock other than 
peach in both States that year. 

LARVAE IN Fruit oN Nursery Stock. 
—Since it was known that oriental fruit 
moth larvae can develop in fruit on trees 
growing in nurséries, a study was made to 
determine what fruit was favored. Fruit 
on various plants was collected in four 
New Jersey nurseries in September and 
October, and the insects in them were 
reared to maturity and identified. Forty- 
two oriental fruit moths were reared from 
530 fruits collected from three varieties of 
ornamental crab apple in three nurseries, 
and 16 from 126 fruits collected from or- 
namental quince in three nurseries. No 
moths were reared from fruits collected 
from hawthorn, mountain-ash, snowball, 
chokecherry, and Christmasberry. 

HIBERNATION ON NoursERY StTocK.— 
To ascertain whether oriental fruit moth 
larvae would form hibernacula on peach 
stock, 1100 full-grown larvae reared in 
the laboratory early in September 1944 
were released on 250 peach trees at the 
rate of 1, 3, 5, and 10 larvae per tree. Five 
hibernacula were formed. 

In September and October 1944, a 
thorough search was made for oriental 
fruit moth hibernacula on 1104 peach 
trees representing more than 33 varieties 
and on 808 trees and plants of 20 varieties 
of 5 plants other than peach, including 
8 varieties of ornamental crab apple, 5 
varieties of ornamental cherry, 5 varieties 
of ornamental quince, 1 variety of Christ- 
masberry, and 1 of hawthorn. Not one 
hibernaculum was found, although larvae 
had been found in the twigs and adult 
moths had been reared from fruits col- 
lected from many of the plants examined. 

Early in October 1945 careful examina- 
tion of 387 trees in the heavily infested 
New Jersey peach block revealed the pres- 
ence of six oriental fruit moth hiber- 
nacula, and 86 summer cocoons. All 
hibernacula and summer cocoons were 
located on the base of the tree, at or within 
1 inch of the ground level. These data 
show that oriental fruit moth larvae form 
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hibernacula on peach nursery stock nat- 
urally, but that the proportion doing so is 
small. 

SurvIvaL OF HiBERNATING LARVAE IN 
A Frost-Proor StoraGeE CHAMBER.— 
Many nurserymen remove stock from the 
field in the fall and store it over winter in 
frost-proof storage chambers. The stock is 
closely packed in the chamber and sold 
during. the winter and spring. It was 
therefore of interest to determine whether 
hibernating larvae could survive on stock 
in such storage and, if so, when the moths 
emerged. 

Mature oriental fruit moth larvae were 
induced to form hibernacula on 80 peach 
nursery trees (8 lots of 10 each) for com- 
mercial handling and exposure in a frost- 
proof storage chamber in a New Jersey 
nursery. The different lots, bearing from 
1 to 11 hibernacula per tree, were stacked 
in the frost-proof chamber on November 
28, 1944, along with 350 additional trees. 
The stack measured 4 by 4 by 6 feet and 
was made on 6 inches of salt-marsh hay 
with the tops of the trees in and the roots 
out. The roots were covered with shingle- 
toe and sphagnum moss. The lots of trees 
bearing the hibernacula were well dis- 
tributed in the stack, which was surround- 
ed on all sides and above by other nursery 
stock. The stack was made by an expe- 
rienced packer and received the same treat- 
ment as the other stock in the chamber. 
On March 20, 1945, the test trees were 
removed from storage and held in a lab- 
oratory chamber at 80° F., to accelerate 
moth emergence. Thirty-eight moths, or 
9 per cent, emerged from the 418 hiber- 
nacula on the 80 trees. 

To supplement these tests, peach twigs 
were infested with hibernating larvae from 
the same source used for infesting the 
nursery stock and were placed in different 
situations in the frost-proof storage. They 
were left in the storage chamber for the 
same period as the nursery stock, unless 
otherwise noted, and upon removal were 
handled in the same way. In one test 3 
bundles of infested peach twigs, each 2 
inches in diameter and 4 inches long, were 
enclosed in ventilated galvanized tins 
and placed in the experimental stack of 
peach trees. One hundred and seventy- 
two moths, or 63 per cent, emerged from 
the 273 hibernacula on the twigs. 

In another test three bundles of in- 
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fested peach twigs, each 2 inches in diam- 
eter by 7 inches long, were enclosed in 
screen-wire cylinders and were then placed 
in the frost-proof storage chamber, one on 
top of the experimental stack of peach 
trees and two suspended over it, one 6 feet 
above the floor, and one 12 feet above it. 
One hundred and three moths, or 70 per 
cent, emerged from the 148 hibernacula 
on the twigs in the cylinder on the stack. 

The 2 bundles of peach twigs bearing 
hibernacula in screen-wire cylinders held 
above the stack of peach trees 6 feet and 
12 feet from the floor were allowed to re- 
main in the frost-proof chamber until 
moths emerged. On May 7, 20 moths were 
found in the two cages, these having 
emerged within the week prior to that 
date. 

As a check on the survival of hibernat- 
ing larvae in frost-proof storage and the 
subsequent emergence of moths from 
them, larvae were allowed to cocoon in 
cardboard strips and were then held in the 
laboratory at a constant temperature of 
42° F. until removed on March 20, 1945, 
to a laboratory room maintained at 80° to 
accelerate moth emergence. Two hundred 
forty-eight moths emerged from 304 
hibernacula, an emergence of 82 per cent. 
The weekly mean temperature and hu- 
midity as recorded by a hygrothermograph 
machine in the frost-proof storage cham- 
ber from January 1 to May 7 are given in 
table 1. The machine was located above 
the stack of peach stock 12 feet from the 
floor, and was checked each week for ac- 
curacy. There is no record for the week 
February 5-12 due.to the failure of the 
machine. 

The two screen-wire cylinders contain- 
ing hibernacula on bundles of peach twigs 
that were allowed to remain in the frost- 
proof chamber after March 20 were moved 
on the date the first moths were found, 
May 7, to a chamber kept at 80° F. in the 
laboratory at Moorestown, N. J. A total 
of 196 moths, or 60 per cent, emerged 
from 325 hibernacula. 

At the time moths began emerging in 
the screen-wire cylinders in the frost-proof 
chamber, practically all the nursery stock 
that had been stored therein had been re- 
moved for shipment. The date of the first 
moth emergence was probably earlier than 
would have been the case had tempera- 
tures been normal in this vicinity in 
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March and April. The mean daily tem- 
perature for March 1945, at Moorestown, 
was 50.5° F. whereas the normal for the 
month is 39.8°. The mean daily tempera- 
ture for April 1945, was 55.5°, whereas 
the normal for the month is 50.5°. 
OvirosiTION ON HEELED-IN NURSERY 
Stock.—It is the practice of some nur- 
serymen to stack or heel-in nursery stock 
outdoors prior to shipment. Since adult 
oriental fruit moths may be present dur- 
ing the period such stock is held, they 
may deposit eggs on it, and the insect may 


Table 1.—Weekly records of temperature and 
relative humidity in a frost-proof storage cham- 
ber in which oriental fruit moth hibernacula 
were stored, 1944—45. 














TEMPERATURE Rexative Homipiry 
(°F.) (Per Cent) 

Mean Mean Mean Mean 

Mini- Maxi- Mini- Maxi- 

Date Mean mum mum Mean mum mum 
Jan. 1-9 41 39 42 94 93 96 
9-15 39 38 40 94 93 96 
15-22 40 39 40 94 93 95 
22-30 38 87 39 94 93 96 
30—Feb. 5 36 35 37 93 91 96 
Feb. 12-19 40 38 41 88 88 88 
19-26 39 38 40 90 90 90 
26—Mar. 5 44 42 46 95 95 95 
Mar. 5-12 45 43 47 94 93 95 
12-19 54 50 59 85 77 94 
19-26 56 52 61 85 74 96 
26—Apr. 2 62 56 68 73 55 92 
Apr. 2-9 56 50—s«@G1 80 67 93 
9-16 63 57 69 76 58 938 
16-23 54 50 58 75 62 87 
23-30 55 50 60 80 68 92 
30—May 7 53 49 58 79 64 93 





be transported in that way to uninfested 
localities. Observations were therefore 
made on the tendency of the insect to ovi- 
posit on peach nursery stock heeled-in 
outdoors between the time of moth emer- 
gence in the spring and May 1. Twenty 
trees of the variety Golden Jubilee were 
divided into 10 lots of two trees each. On 
April 14, 1945, seven lots were heeled-in 
between rows of trees of different ages in 
two peach orchards, and three lots were 
heeled-in about 100 yards from peach or- 
chards, in fields planted to rye. Seven days 
later five of the lots and 14 days later the 
remaining five lots were removed from the 
field, cut into short pieces, and placed with 
small green apples to provide food for any 
larvae hatching from eggs placed on the 
stock. During the 14 days trees were in the 
field the average temperature at 6 p.m., 
the time moths usually become active in 
the field, was 59° F., and the highest tem- 
perature was 65°. Considerable numbers 
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of moths were caught in traps in orchards 
immediately before the nursery stock was 
placed in the field, and moths were caught 
in traps in both orchards in which the 
nursery stock was placed during the period 
it was in them. No moths, cocoons or 
larvae were reared from the nursery stock, 
a fact which indicated strongly that no 
oriental fruit moth eggs were placed on it. 

VIABILITY OF Eaes or Vrretn Morus. 
—In view of the possibility that an in- 
dividual female oriental fruit moth might 
emerge from a hibernaculum on shipments 
of nursery stock received in localities 
where this insect was not known to be 
established, observations were made on 
the viability of eggs deposited by virgin 
females. A total of 83 virgin females and 
55 mated ones were placed either in bat- 
tery jars or individually in jelly glasses, 
and fresh pear foliage was provided on 
which the moths could oviposit. The vir- 
gin females deposited a total of 361 eggs, 
or an average of 4.3 eggs each, and the 
mated females deposited a total of 5463 
eggs, or an average of 99.3 eggs each. The 
pear foliage bearing the eggs was placed 
in a chamber kept at 80° F. None of the 
eggs deposited by the virgin females 
hatched, but those deposited by the 
mated females hatched normally, and the 
larvae developed to maturity on small 
green apples. 

Discussion.—Because of the lightness 
of the infestation in most of the nurseries 
in which the studies were carried on, the 
negative data recorded in this paper have 
little significance. The apparent absence 
of larvae in the twigs of certain trees in 
the nursery does not necessarily indicate 
that such attack by the oriental fruit 
moth never occurs. Observations of in- 
festation in the twigs of most of the com- 
mon fruit trees have been recorded in the 
literature, although twig infestation in 
apple is reported to be rare. The fruit of 
hawthorn and Christmasberry has been 
recorded as subject to infestation, and 
probably would be attacked if the insect 
were abundant. On the other hand, there 
seem to be no published records of infesta- 
tion in the fruit of mountainash, snow- 
ball, and chokecherry. 

The failure to find hibernacula on spe- 
cies of nursery plants other than peach, 
under conditions of light infestation, does 
not mean that hibernacula are never 
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found on such plants. It may be assumed 
that a certain percentage of larvae infest- 
ing the twigs or fruit of a given plant will 
form their cocoons on it. 

SumMary.—The danger of transporting 
the oriental fruit moth, Grapholitha mo- 
lesta (Busck), into new localities on nur- 
sery stock was investigated in New Jersey 
and Maryland nurseries in 1944, and 
1945. 

Oriental fruit moth larvae were found 
feeding in twigs of peach, ornamental 
peach, ornamental almond, ornamental 
quince, and ornamental cherry stock. No 
larvae were found in twigs of commercial 
apple stock or in twigs of a number of 
ornamental crab apple trees. Larvae were 
found, however, in the fruit of ornamental 
crab apple and ornamental quince. No 
larvae were found in the fruits of several 
other ornamentals. 

Hibernacula of oriental fruit moth were 
found occurring naturally on peach nur- 
sery stock. Moths were reared from hiber- 
nacula on peach stock stored over winter 
in a commercial frost-proof storage cham- 
ber. However, only a small proportion of 
the larvae that constructed hibernacula 
on the nursery stock survived commercial 
handling and emerged as moths the fol- 
lowing spring. Moths began to emerge 
from hibernacula on twigs in a frost-proof 
chamber from April 30 to May 7, 1945. 

Oriental fruit moth eggs were not de- 
posited on peach nursery stock heeled-in 
from April 14 to 28, 1945, in infested 
peach orchards and nearby fields. Very 
few eggs were deposited by virgin females, 
and those deposited did not hatch. 

The studies reported in this paper have 
shown that the oriental fruit moth infests 
the twigs and fruit of many kinds of 
nursery stock, that some of the larvae 
construct winter cocoons on the nursery 
trees, and that a small percentage of the 
larvae in these cocoons survive the dig- 
ging and storing of the nursery stock and 
emerge as moths the following spring. 

Complete evidence was obtained on 
peach nursery stock only. With other 
kinds of nursery stock the results on cer- 
tain points were negative, but not suffi- 
ciently conclusive to rule out the possi- 
bility that some kinds of nursery stock 
other than peach may at times be the 
means of establishing the oriental fruit 
moth in new localities.—11-29-46. 





Feeding Experiments with DDT-Treated Pea Vine Silage 
with Special Reference to Dairy Cows, Sheep, 


and Laboratory Animals" 


H. F. Wiuson, N. N. Auuen, G. Boustept, J. Betuern, and H. A. Larpy?® 


Experimental evidence is now available 
to show that DDT is highly effective for 
control of the pea aphid on canning peas. 
Results indicate that DDT residues re- 
main on the vines up to the time of har- 
vest and aid in preventing reinfestation 
of treated fields. Since the majority of 
vines and pods remain after the plants 
have passed through the viner, we must 
raise the question of whether enough 
DDT remains on the vines after stacking 
ensiling, and storing to be a possible haz- 
ard to livestock fed on pea vine silage. 

Even more important is the problem of 
whether meat and other animal products 
from livestock fed on silage containing 
even small amounts of DDT are a possi- 
ble hazard to man. Previous investiga- 
tions by Orr & Mott (1945), Woodward, 
et al. (1945), and Telford & Guthrie 
(1945) have demonstrated that DDT will 
accumulate in certain tissues and in milk 
fat of domestic and laboratory animals. 

In an effort to determine the influence 
of feeding pea vines treated with DDT on 
dairy cattle and sheep, a series of feeding 
tests was made by staff members of the 
Wisconsin Agricultural Experiment Sta- 
tion beginning in November 1945 and 
continuing until April 1946.4 

EXPERIMENTAL PLAN AND TYPES OF 
SmaGce Usep.—Two lots of pea vine silage 
were prepared for feeding tests: One lot at 
a farm near Arlington, and the second lot 
at a farm near Beaver Dam, Wisconsin.° 

The vines used at the Arlington farm 
were of the Alaska variety and were 
brought directly from the viner to the 
silos. Twenty-five tons of vines were run 
into each of two concrete silos, one lot 
having DDT added at the rate of 1 pound 


1 Contribution from Wisconsin Agr. Expt. Sta. Authorized for 
publication by the Director. Res 

2 Early publication secured by payment of printing costs. | 

8 Professor of Economic Entomology, Professor of Dairy 
Husbandry, Professor of Animal Husbandry, Graduate Assistant 
in apse ei and Asst. Professor in Biochemistry respec- 
tively. 

4 The writers acknowledge the aid received from the Ocono- 
mowoe Canning Co. of Poynette, Wisconsin, the Central Wis- 
consin Canneries of Beaver Dam, Wisconsin, and the Wisconsin 
Canners Association. 4 

5 Tests carried on at the Sloan Farm near Arlington, and 
Warren Clark Farm at Beaver Dam, Wisconsin. 


per ton of vines. The DDT preparation 
was a 60 per cent Pyraz and 40 per cent 
DDT mix and was added to the chopped 
vines as they were taken up by the blower. 
This was done with a meat grinder 
calibrated to put out a certain amount of 
the DDT dust during each revolution of 
the handle. With every load of vines a 
definite weight of DDT dust was used. 
It was not possible to obtain a completely 
even rate of distribution per pound of 
vines. Therefore we can only assume that 
over a long feeding period an average 
amount of DDT per animal would be as- 
sured. The rate of application was as- 
sumed to be 0.227 grams of DDT per 
pound of green weight. When fed, begin- 
ning November 9, the amount was deter- 
mined to be 0.049 grams of DDT per 
pound of silage. A sample of the silage 
taken from the bottom of the silo at the 
end of the experiment showed 653 ppm. 
on a moisture free basis. This is equivalent 
to 0.074 grams per pound of silage. 

The vines used at the Beaver Dam farm 
were of the Prince of Wales type and 
were treated when 14 inches high with a 
5 per cent DDT dust at the rate of 40 
pounds per acre; an estimated 2 pounds 
of DDT was applied to 6 tons of vines. 
In the application of rotenone dusts we 
have estimated that not more than half 
of the dust is held on the vines so ¢hat 
at the most, these vines held not more 
than 1 pound of DDT per calculated 6 
tons (by actual weight other similar 
fields produced approximately 7 tons of 
vines per acre). 

If all the estimated amount remained 
on the vines at the time the vines were 
put in the stack, the amount would have 
been 0.038 grams per pound of silage. (In 
1946 an analysis of vines just after treat- 
ing with a 5 per cent dust showed 6 parts 
per million of DDT. This is equal to 
0.0027 grams of DDT per pound. When 
these vines were analyzed after passing 
through the viner they showed only 3 
parts per million which is equivalent to 
-00135 grams per pound of green silage.) 
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When the Beaver Dam silage was an- 
alyzed for DDT in December 1945, less 
than 1 ppm. was found. 

PROCEDURE IN THE FeEpiING Trests.— 
Ten cows and 50 sheep were used in the 
tests at the Arlington farm, and two 
Holstein cows were fed on DDT treated 
silage at the Beaver Dam farm. A single 
cow in the University herd was fed 24 
grams of DDT per day with her grain. 

Rat assays were run by the Biochemis- 
try Department on the milk from DDT- 
fed cows at the Arlington farm and the 
single cow at the University dairy barn. 

On the Arlington farm the 10 cows 
were divided into two lots, each consisting 
of one Guernsey and four Holstein cows 
weighing from 1000 to 1400 pounds. Pea 
vine silage was fed at the rate of 30 to 40 
pounds per cow per day which was ap- 
proximately 3 per cent of each cow’s live 
weight. Lot 1 received the DDT-treated 
silage and lot 2 the untreated silage held in 
a second concrete silo. Both lots received 
clover hay of fair quality and a concen- 
trate mixture containing approximately 
16 per cent protein. The cows were 
weighed at about 2:30 P.M. on one day 
of each second week. 

Milk for the rat feeding trials was ob- 
tained twice weekly from the pooled pro- 
duction of each lot. Individual milk sam- 
ples were taken monthly for fat deter- 
mination, and composite samples were 
taken from each lot occasionally for DDT 
analysis. The feeding started November 9 
and continued for some cows until April. 

The sheep feeding trials consisted of 30 
western lambs fed 3 pounds of silage 
daily and 20 pregnant and nursing ewes 
fed 6 pounds daily. Each group was di- 
vided into two lots as nearly equal in 
weight as possible. Lot 1 of each group 
received the DDT treated silage and lot 
2 the untreated silage. 

Resutts FRoM DDT-rep Cows.— 
Table 1 shows the amount of silage fed and 
the estimated maximum DDT intake of 
each cow in lot 1 at the Arlington farm. 
Because of a shortage of silage, cows 210, 
213, and 341 were fed for only 118 days. 
Cow No. 551 was slaughtered after 127 
days of feeding to get body parts for 
DDT analysis. Cow No. 288 was con- 
tinued on DDT silage for 141 days to 
maintain a supply of milk for the calves. 

No differences were observed in the 
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Table 1—Silage and estimated DDT intake of 
dairy cows. 








Daur In- 

Av. TOTAL TAKE! PER 

Live DDT 1000 ras. 
Weicut gms. gms. 


SILAGE 


Days Pounds 
Fed Fed 


Lot 1—Treated Silage 
127 4335 1019 2i2 
118 4939 1302 242 
118 4705 1313 230 
118 4054 1020 198 
141 5595 1171 274 


Lot 2—U eatnar Sine 
141 4732 
74 2595 
141 4574 
141 4982 
141 5590 
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oo maximum DDT intake based on analysis of silage 


A.—Tissue analyses from dairy cows. 








MuscLe 
ANIMAL Tissue 
No. ppm 


MiILk 
ppm 


Bopy Far 
ppm ppm 


551 3. . 6.1 221.0 
210 calf 3.1 6.2 305.0 
Group 1 Mixed milk 15 


Liver 








B.—Analyses of tissues and milk from cow 711. 








380 ppm 
44 ppm 
15 ppm 


Ho removed by biotomy (4/24/46) 


Milk pile yh (Feeding discontinued 3/19/46) 
Milk 4/19/46 7 ppm 
Petroleum ether extract of surface material on skin 115 ppm! 





1 Only 0.4 gm. material available for analysis. 


general welfare or behavior of individuals 
in the two lots. Since the cows were in 
various stages of lactation, no attempt 
was made to measure differences in milk 
production. No evidence appeared to in- 
dicate that the DDT had any effect on 
milk production 

Cow No. 288 in lot 1 dropped a strong 
female calf after 67 days of feeding on 
treated silage. This calf was fed milk from 
lot 1 cows for 75 days, and when the 
experiment closed, was in excellent health 
and condition. Cow No. 210 dropped a 
strong male calf after 102 days on 
treated silage. This calf also fed on milk 
from the No. 1 lot was in excellent condi- 
tion when slaughtered after 33 days. 

.Cow No. 287 in the control group 
dropped a calf at the end of 109 days 
which after the third day was fed on milk 
from lot 1. All the calves were very strong 
and thrifty throughout the experiment. 
No lesions or other characteristic signs 
of DDT poisoning were observed in the 
internal organs of the animals slaughtered. 
The results of analysis of body tissues and 
milk from these animals are given in 
table 1A. 
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The quantitative determination of 
DDT was done by the method of Schecter 
et al. (1945) with the following modifica- 
tion.6 The ether extract of the samples 
was evaporated to dryness, taken up in 
dry chloroform and thoroughly extracted 
with mixtures of concentrated sulfuric 
acid, fuming sulfuric acid and sodium sul- 
fate to remove extraneous fatty material 
and oxygen-containing compounds. The 
samples were then worked up according to 
the published procedure. The color was 
read with an Evelyn photoelectric color- 
imeter using a filter having maximum 
transmission at 580 m.u. 

Blood samples were collected at 2- to 
3-week intervals throughout the experi- 
ments and analyzed for carotene, vitamin 
A, vitamin C, calcium, and hemoglobin. 
Bilirubins, very low at the beginning, 
were not determined later. No changes 
from the normal level of these constitu- 
ents were observed and no differences 
between the groups were detected. 

Resutts ON Drrect FEEDING oF 
Heavy ConceNnTRATIONS OF DDT (Cow 
711).—The data from this test should 
prove conclusively that there is little pos- 
sibility of ill effect in feeding plants 
treated with concentrations of DDT 
necessary for commercial insect control to 
dairy cows. This cow fed 24 grams of 
DDT daily for a period of 5 months 
showed no outward signs of ill effect from 
the DDT. A high concentration of DDT 
was found in the milk and body fat and in 
a fatty secretion swabbed from the skin 
surface with petroleum ether (Table 
1, B). It was interesting to note that the 
daily dose of 24 grams per day during the 
first half of the gestation period did not 
interfere with the birth of a healthy nor- 
,aal calf 4.5 months after the feeding was 
discontinued. 

Resu.tts with Cows Fep on SILAGE 
FROM Pea Vines TREATED wiTH 5 PER 
Cent DDT Dust at 40 Pounps PER 
AcrE.—Two large Holstein cows were 
fed on DDT silage from November 12, 
1945 until late in March, 1946. The 
schedule of feeding was as follows: 

Nov. 12-Nov. 16—20 lbs. of silage twice daily 

Nov. 17-Nov. 25—25 lbs. of silage twice daily 

Nov. 26—Dec. 1—30 Ibs. of silage twice daily 


Dec. 2—Dec. 11—35 lbs. of silage twice daily 
Dec. 12-Apr. 1—40 lbs. of silage twice daily 


§ Personal communication from Dr. H. L. Haller. 


Six pounds of ground feed containing 
corn, grain, soybean meal, and alfalfa 
were fed twice daily with the silage. No in- 
dication of iH effects from DDT could be 
observed on either cow or on a calf born 
of one of them. Less than one part per 
million of DDT was detected in the silage 
and none in the milk. 

Feepinc TrEsts WITH SHEEP AT THE 
ARLINGTON F'arm.—The ewes used in this 
test were grade Shropshire and Hamp- 
shire stock, averaging 136 pounds. They 
were fed clover hay and pea vine silage 
from November 14 to February 8, about 
4 weeks before lambing. From February 8 
until March 8 they were continued on hay 
and pea vine silage, but in addition were 
given l-half pound daily of equal parts 
corn and oats. This ration was increased 
to 2 pounds per day after lambing. 

No significant differences could be ob- 
served between the lambs born to ewes 
in the DDT group and three of the con- 
trol group. The lambs were vigorous at 
birth and continued in excellent health. 
The birth weights were 8.1 pounds per 
lamb in the DDT group where 9 ewes 
gave birth to 5 pairs of twins and 4 
singles totalling 14 lambs. The birth 
weights of the lambs in the check group 
averaged 9.2 pounds, 8 ewes giving birth 
to 2 pairs of twins and 6 singles totalling 
10 lambs. 

The average weight of fleeces was 8.76 
pounds for both lots of ewes. The average 
daily gain for both lots during 62 days of 
wintering was 0.24 pounds per day. 

The western lambs averaged 81 pounds 
in weight on November 29, 1945, when 
they were started on the feeding tests. 
The control group made an average daily 
gain of 0.31 pounds and the DDT silage 
group an average daily gain of 0.27 
pounds. This difference is not considered 
significant. The silage and estimated in- 
take of DDT is shown in table 2. 

None of the ewes or lambs fed in these 
trials showed any physical evidence of ill 
effect from the DDT. The appearance, 
evidence of physical vigor, appetite, rate 
of gain and maintenance of body weight 
was completely normal. 

On January 15, A. C. Kelman of the 
Veterinary Science Department of the 
University took temperatures of both the 
western lambs and the ewes. He again 
took temperatures of the ewes May 8, 





804 


the end of the DDT feeding period, the 
western lambs having been slaughtered on 
March 3. No significant differences be- 
tween the DDT silage fed*animals and 
the controls were observed. Dr. Kelman 
stated that on the basis of his observa- 
tions and tests, the animals receiving 
DDT were healthy. Six ewes, four western 
lambs, and three spring lambs were 
slaughtered and some of the animal tis- 
sues analyzed for DDT (Table 2). No 
lesions or other signs of DDT poisoning 
were observed in the internal organs of 
the slaughtered animals. 


~~ 
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Fig. 1.—Growth curves of Sprague-Dawley rats 

whose sole dietary constituent was mineralized milk 

from the Sloan herds are plotted. DDT-1 refers to 

the first group on milk from the DDT herd. Con- 

trol-1 group was fed on milk containing no DDT. 

DDT-2 and Control-2 refer to the groups in the 
second experiment. 


Rat Freepine Tests.—The nutritive 
value and possible toxicity of the milk 
from cows ingesting DDT was deter- 
mined by feeding the milk, plus certain 
minerals, to growing albino rats as the 
sole constituent of their diet. It is well 
known that, when fortified with iron 
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Table 2.—Silage and DDT intake of ewes and 


lambs. 


(Feeding of DDT rations to ewes discontinued 
May 8. Western lambs killed March 8, 1946.) 








EstI- 
MATED 


ppm 


EstTIMATED 
DDT 


ConTENT 


Daly 
Ration 
SILAGE 





lbs. grams 
Ewes 6 0.270 106 


Western lambs 3 0.135 62 





A.—Analysis of sheep tissues 








Muscie Fart 
ppm ppm 
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145 

48 
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May 
June 
May 
May 
Aug. 
May 
June 
Aug. 


March 
March 
March 
March 


No. 150 
267 
266 
269 (control) 
279 (control) 
265 
Suckling lamb 
Suckling lamb 
Suckling lamb 
Western lambs 
715 (control) 
717 (control) 
720 
724 


— 
Ccwe 


~ 
a 


— 
©oo =) 
| | ania 


9 
1 
96 


-~ oR 


4 





1 Though an absorption in the photometer was obtained corre- 
sponding to the value shown, no blue color was noticed in _ 
solution and the absorption was probably not due to DDT 


(1 mg/100 ml.), copper (.1 mg./100 ml.) 
and manganese (.1 mg./100 cc.), cows’ 
milk supports a good rate of growth in 
rats, and Evans & Phillips (1939) have 
shown such a diet to be adequate for re- 
production through four generations. 

With each experimental lot of 8 rats 
(4 males, 4 females) receiving mineralized 
milk from cows receiving DDT in their 
ration, a control lot of 8 rats was kept on 
milk from control cows. 

Two series of tests were run with white 
weanling rats. In the first test milk from 
the cow fed 24 grams of DDT per day was 
fed to a group of 8 rats, 4 male and 4 
female. A control was run with a similar 


Table 3.—Summary of analytical data on blood constituents. 








NovemsBer 8, 1945 


Fepruary 25, 1946 





Experimental 
Bioop ConsTITUENT Range Avg. 


Control 
Range Avg. Range Avg. 


Control 


Experimental 
Range 





10.5 -12.0 11.2 
8.9 -12.0 10.2 
0.33- 1.0 0.51 
0.35- 0.58 0.48 


onarbie gm/100 cc 

Serum calcium om aad cent 
Vitamin A v/cc 

Ascorbic acid re 100 cc plasma 


10.4 -12.7 

10.8 -11.9 
0.20- 0.47 
0.39- 0.67 


11.1 -12.2 11.6 
10.7 -12.5 
0.22- 0.40 


0.17- 0.46 


10.0 -12.5 11.6 

10.7 -12.3 11.7 
0.15-0.52 0.33 
0.42-0.66 0.58 


11.2 
11.1 
0.32 


0.49 0.29! 





1 Determinations on $ cows only. 
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group of rats using milk from cows in the 
same barn on the same feed, except for 
DDT. 

Milk from the cow fed 24 grams of DDT 
per day, was found by analysis to contain 
44 ppm. of DDT. After 1 week the effect 
of DDT in the milk was evident; after 
4 weeks the average weight of the control 
group was more than 50 grams above that 
of the DDT milk group. To see if this 
effect was reversible, four rats on the 
DDT regimen were put on control milk 
and four from the control group were put 
on DDT milk. From the growth curves it 
could be seen that the effect was reversed 
in a week after removal of DDT from 
the diet. The older rats (7 weeks old) re- 
quired a longer period of DDT feeding 
before they began to show signs of de- 
creased rate of growth. The only symp- 
toms observed were anorexia. No gross 
pathology was observed after autopsy at 
the end of 7 weeks. A similar test was 
run with milk from the Arlington herd, 
using the same procedure, except that 


Weight in grams 


the DDT and control groups contained 
but six rats each. The results are shown in 
figure 1. This experiment was repeated, 
since in the first run the rats on DDT 
fared better than those on the control. In 
the second run there were no significant 
differences between groups. Analysis of 
the milk used in this series of tests at dif- 
ferent times showed DDT to be present 
in from 1 to 15 ppm. 

Summary.—Dairy cows and _ sheep 
showed no observable ill effects from 
being fed for 4 to 5 months on pea vine 
silage treated with 1 pound of DDT per 
ton of fresh vines when put in a silo. 
Suckling calves and lambs also showed no 
ill effects although 15 ppm. of DDT was 
found to be present in the cows’ milk. 
Laboratory analyses showed that DDT 
accumulated in the muscle tissues, liver, 
and body fat of both cows and calves. 
Accumulations in the body fat and milk 
were appreciable. 

Cows fed for a similar period on pea 
vine silage from a field treated with DDT, 





: Days 
Fig. 2.—Rats fed on milk from the Sloan Farm. 
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2 pounds per acre in a 5 per cent dust, 
showed no ill effects. Less than one part 
per million of DDT was found in the silage 
in this test and none in the milk. 

A cow fed 24 grams of DDT daily in 
grain for 5 months did not show any ill 
effects, but a high increase of DDT was 
found in the body fat and milk. 

Sheep fed in the trials did not exhibit 
physical evidence of ill effects from the 
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DDT although 1 part per million of DDT 
was found in the muscle tissue and up to 
145 parts per million in the body fat. 
Suckling of ewes fed on DDT silage 
showed up to 1 part per million of DDT in. 
the muscle and 43 parts in the body fat. 

Laboratory rats fed milk containing 44 
ppm. of DDT showed distinct toxic ef- 
fects but those fed milk containing only 
15 ppm. showed no toxic effects. —12-13-46. 
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DDT Residues on Pea Vines and Canned Peas from 
Fields Treated with DDT Dusts"” 


H. F. Winson, A. S. Srtvastava, W. B. Hut, J. Berner., and H. A. Larpy? 


In 1946 the DDT residue studies begun 
in 1945 were continued by determining 
the residues left on pea vines from the 
time of treatment until harvest and in 
stacked silage and in canned peas. Some 
data is included from 1945 samples and 
from two samples of vines from Belvidere, 
Illinois, and one sample each of canned 
peas and fresh silage from Blytheville, 
Arkansas. The main data was obtained 
from samples of vines and peas taken in 
experimental plots at Beaver Dam and 
Waunakee, Wisconsin. At Beaver Dam, 
treatments were applied at 40 pounds per 
acre with a Niagara Dri-fog 18 nozzle 
duster and by airplane. Dusts were ap- 
plied at Waunakee with a ground ma- 
chine similar to the one used at Beaver 
Dam at 35 and 50 pounds per acre. Dusts 
containing from 1 to 5 per cent DDT were 
used. Samples of vines from selected plots 
were collected immediately after the 
treatments were applied and then several 
times previous to harvest. At harvest 


1 Contribution from Wis. Agr. Expt. Station. Authorized for 
publication by the Director. 

2 Early publication secured by payment of costs of printing. 

3 Professor of Economic Datcaral ogy, Graduate assistants in 
Economic Entomology and Biochemistry, and Asst. Professor 


of Biochemistry respectively. 


time samples of hand shelled peas and 
peas at the viner were collected, weighed, 
and placed in storage at 4° C. until time 
for analysis. Samples of vines from the 
field and after vining were first air dried 
and then dried further at 50 or 60° C for 
analysis. 

When the vines were cut at Waunakee 
for the silage stack, a half-acre of vines 
was weighed and found to yield 7185 
pounds, or on a basis of 14,370 pounds 
per acre. The weight of the shelled peas 
was 2458 pounds, leaving 11,912 pounds 
of vines. A study was made of vines to 
determine the relative portion of the 
vine on which DDT residues might be 
found. In the experimental field at 
Waunakee the vines were treated at the 
blossom stage 12 to 14 inches high. When 
the field was cut the vines averaged 24 
inches in height and the pods were all 
formed on the upper 6 to 8 inches. The 
leaves had dropped from the bottom 6 to 
8 inches of the stem leaving approxi- 
mately 10 inches on which the DDT 
residues might remain. The pods and 
stems make up the greater portion of the 
silage so it may be safely estimated that 
less than 50 per cent of the vine growth 
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had been exposed to DDT. At Beaver 
Dam the vines of the larger vine type 
(Prince of Wales) averaged 42 inches in 
length and the first pod was formed 24 
inches from the tip so the DDT was re- 
stricted to the lower 18 inches of vine 
growth. Here again the leaves had 
dropped from the lower 8 to 10 inches of 
the stem and not more than 10 inches of 
the vine growth could have contained 
any DDT residues. In this case much less 


Table 1.—DDT dusts applied to canning peas 
in 1946 and rate of application. 








Per Perr 
Per Cent Cent Laps. 
Cent Sot- Rore- PP. 


LocaTIon DDT vENT NONE A. 











Beaver Dam 1 3} 0.5 40 
Beaver Dam 2 3! 0.25 40 
Beaver Dam 2.5 — 40 
Beaver Dam 3 Q2 ~ 40 
Beaver Dam 5 = — 40 
Waunakee 3 31 ae 35 
Waunakee 5 — os 35-50 
Waunakee (J. E. 5 Q3 _ 
Dudley) 

Blytheville, Ark. 2 Q4 0.5 40 
Belvidere, Ill. 2 5 0.25 35 





> One-half propylene laurate and one-half SAE10 lubricating 
oe Yarmor pine oil. 

3 Technical DDT dissolved in carbon tetrachloride. 

 Lethane 60. 

5 Commercial dust (Agicide). 
than 50 per cent of the vine growth could 
have carried any DDT. Only a relatively 
small amount of this actually clings to 
the vines as shown by the amount found 
on the vines immediately after the dust 
was applied. Where the application was 
35, 40, and 50 pounds of 5 per cent dust 
per acre, the DDT recovered was 3.6, 6 
and 9 to 13 parts per million. When the 
vines came through the viner, only 3 
ppm. were found on the vines treated 
with the 35 pound per acre application. 

The types of dust used and rate of ap- 
plication are shown in table 1. 

In all 87 samples were taken of which 
six were taken by J. E. Dudley from his 
experimental plots. A selected group of 34 
have so far been analyzed. O. W. Alex- 
ander, of the research department of the 
American Can Company, collected 13 
samples of vines and peas which were 
analyzed in the American Can Company 
laboratory. The results from these sam- 
ples are shown in table 7. Data from five 
samples taken by Mr. J. E. Dudley from 
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Table 2.—Samples of vines taken immediately 
and at later dates after treatment had been made 
with a ground machine. 








Pounps 
PER 
Acreor Per Date or DDT 
Source or Appui- Cent Treat- Date or Founp 
SAMPLE cation DDT MENT SAMPLE ppm 





Beaver Dam 40 1 June 13 June 13 3 
Beaver Dam 40 2 June 13 June 13 2 
Beaver Dam 40 2.5 June 13 June 13 5 
Beaver Dam 40 3 June 13 June 13 5 
Beaver Dam 40 5 June 13 June 13 6 
Beaver Dam 40 5 June 18 June 26 3 
Beaver Dam 40 Control June 13 June 11 0 
Beaver Dam 40 5 June 18 July 6 + 
Waunakee 
#1 planting 35 5 June 22 June 29 2 
vines from 35 5 June 22 July 6 3 
Ist planting 
Waunakee 50 5 June 22 June 22 9-13 
2nd planting 35 5 June 22 July 5 3 
3 5 June 11 July 5-8 3 


Va ee 
(J. E, Dudley) 





his experimental plots for pea aphid con- 
trol are included in the tables. The modi- 
fied! colorimetric method of Schecter & 
Haller* was used for the DDT determina- 
tions. Source of samples, rate of DDT ap- 
plication, and amounts of DDT recovered 
are shown in Tables 2 to 6. 

SummMary.—DDT found on pea vines. 
DDT residues were found on pea vines 
treated with dusts containing from 1 to 5 
per cent DDT at 40 pounds per acre 
When these dusts were applied on the 
experimental plots at Beaver Dam, Wis- 
consin with a ground machine, the resi- 
dues ran from 2 to 6 ppm. at the time of 
application on June 13. On June 26 one 
sample from a 5 per cent plot showed 3 
ppm. and another sample taken July 6 
showed 4 ppm. 


Table 3.—Samples of vines taken immediately 
and at later dates after treatments had been ap- 


plied by airplanes. 











Pounns Per Date or DDT 

SouRCcE OF PER Cent Treat- Date or Founp 

SAMPLE Acre DDT went SamPLe ppm 

Belvidere 35 2 June 1 June l None 

Belvidere 35 2 June 1 June l None 
Beaver Dam 40 2 June 23 June 25 2 
Beaver Dam 40 5 June 23 June 25 3 
Beaver Dam 40 5 June 23 June 29 2 
Beaver Dam 40 5 June 23 June 25 3 

Beaver Dam 35 3 June 23 July 6 8.1 





Dusts containing 3 and 5 per cent DDT 
applied by airplane at 35 pounds per acre 
gave residues of 2 and 3 ppm. No DDT 
was found in samples of vines treated at 


1 Wilson, H. F, ef al. (Page 801.) 

2 Schecter, M. S., Soloway, S. B., Hayes, R. A., and Haller, 
H. L. Colorimetric Determination of DDT. Ind. Eng. Chem. 17, 
pp. 704-709. 1945. 
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Table 4.—Per cent control of the pea aphid obtained using variable concentrations of DDT and 
benzene hexachloride alone and conditioned with oil solvents and in combination with rotenone. 








MarTeriALs® Per CENT JUNE 16 & 17 JUNE 23 JUNE 26 
Oil 
Sol- 
vent 








Aphids Percent Aphids Percent 
per Con- per Con- 
Sweep _ trol Sweep trol 


Repu- Aphids Percent 
CATE per Con- 
No. Sweep trol 


Rote- 
none 


No. DDT BHC* 





60 
92 
45 
42 
54 
44 
52 
46 
65 
52 
84 
43 
69 


0.75 
0.25 
0.5 

0.25 


+ 


CWDS OHO = 
mm OOWmMnmMDmDnDnmDDnmDwDwm 


75 
73 
92 
94 
89 
87 
87 
92 
90 ‘ 72 
54 
67 


90 85 
74 97 


89 56 
83 142 
92 19 97 30 
92 26 95 20 
90 34 92 

92 20 96 

91 21 96 

92 — 
88 53 
91 45 9 
85 70 86 
92 29 95 
88 24 96 





550 


550 





Average number of aphids per sweep required for si 
2 Yarmor pine oil. 

* D.H.S. activator. 

4 Commercial preparation—A gicide. 

5 Pyraz was the dispersant in all cases. 

* Benzene hexachloride. 


Belvidere, Illinois, with a dust containing 
2 per cent DDT and 0.25 per cent rotenone. 


At Waunakee, Wisconsin, dusts con- 
taining 3 and 5 per cent DDT were put 
on with a ground machine at 35 pounds 


Table 5.—Samples of peas shelled by hand in 
the field at time of cutting and canned peas. 








Per 
Cent DDT— 
DDT ppm 


Pounps 
PER 

Source oF SAMPLE AcRE 
Shelled peas 

Beaver Dam 

Beaver Dam 

Waunakee from viner 

Waunakee from viner 

Waunakee shelled peas 

Pods less peas (J. E. Dudley) 

Shelled peas (J. E. Dudley) 

Peas at viner (J. E. Dudley) 





Gr Ot Or Gr Or Gr Or Gr 
ooocoocoococo 


Canned Peas 
Beaver Dam—airplane (U.S.D.A.) 
Beaver Dam—airplane (U.S.D.A.) 
Beaver Dam—airplane 
Beaver Dam—airplane 
Beaver Dam—airplane 


Waunakee—ground machine 
Waunakee—ground machine 
Waunakee—ground machine 
Waunakee—ground machine 
(U.S.D.A.) 
Waunakee—ground machine 
eo 7 - 
aunakee—ground machine 
(U.S.D.A.) 
Waunakee—ground machine 
(U.S.D.A.) 


Blytheville, Ark. 2 0 


ao of CO Cane COUKwaw 
oococ.lmUmOmmUC OOCOOCOCSODUCOOOCOCOOCOS 





(U.S.D.A.) samples analyzed at Insecticide Investigation 
Laboratory, Bureau of Entomology and Plant Quarantine. 





ificant difference, June 16 and 17, was 17. 
1 One-half propylene laurate and one-half SAE10 lubricating oil. 


per acre for the 3 per cent dust and at 
35 and 50 pounds for the 5 per cent dust 
Samples of vines treated with 3 per cent 
DDT have not yet been analyzed. 

One sample of vines treated with a 5 
per cent DDT dust at 35 pounds per acre 
June 22 showed 2 ppm. June 29. Two 
other samples collected July 5 and 6 
showed 3 ppm. 

A sample of vines treated with 50 
pounds per acre of 5 per cent DDT dust 
on June 22 and collected immediately 
after treatment showed 9 to 13 ppm. A 
sample of silage from this area taken from 
the stack October 10 showed only 5 

pm. 
Shelled and canned peas. No DDT was 
found in any sample of peas shelled by 
hand or in the viner. 

Silage. A sample of silage known to con- 
tain 454 grams of DDT per ton of vines 
placed in a silo in June 1945 showed only 
98.3 grams per ton of silage in Decem- 
ber. No DDT was found in silage samples 
taken in from a stack of silage made from 
vines treated with 40 pounds per acre of 
a 5 per cent DDT dust at Beaver Dam 
in June 1945. No DDT was found in a 
fresh sample of silage sent in from Blythe- 
ville, Arkansas. 

At Waunakee, 3.6 ppm. were found in 
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Table 6.—Samples of pea vine silage taken immediately after and at various times after stacking. 











Per Cent 
DDT 
SouRcE OF SAMPLE PouNDSs PER ACRE in Dust DDT ppm 
1945 treated vines 
Beaver Dam, Feb. 1946 (U.S.D.A.) 40 5 0.2 organic chlorine 
Beaver Dam, Feb. 1946 (U.S.D.A.) (untreated silage) — 0.2 organic chlorine 
Arlington, Feb. 1946 (U.S.D.A.) (1# per ton of vines) -— 98.3 organic chlorine 
Arlington, Feb. 1946 (U.S.D.A.) (untreated silage) — 2.23 organic chlorine 
Beaver Dam, Dec. 1946 40 5 1.0 
1946 treated vines 
Waunakee—newly made stack July 9. 35 5 3.6 
Blytheville, Ark. 40(?) 2 0 
Waunakee, Sept. 5—analyzed 50 5 5-7 
Nov. 10 (top of stack) 
Waunakee, Oct. 10—analyzed 50 5 5.0 


Nov. 10 (inside stack) 





(U.S.D.A.) These samples were collected in February 1946 and forwarded to the Division of Insecticides laboratory of the Bureau 
of Entomology and Plant Quarantine. The results are based on determined organic chloride. The two samples from Beaver Dam 
were taken from silage stacks and the two from Arlington from silage placed in silos for the feeding tests. 


fresh silage going into the stack from 
vines treated with a 5 per cent dust ap- 


Table 7.—Samples collected at Waunakee on 
July 7, 1946 by O. W. Alexander of the American 
Can Company. 











DDT 
DESCRIPTION OF SAMPLES Founp! 

ppm 
Vines cut from 38% DDT plot 2.0 
Vined peas cut from 3% DDT plot 0.1 
Washed peas cut from 3% DDT plot 0.1 
Blanched peas cut from 3% DDT plot 0.1 
Processed peas cut from 38% DDT plot 0.1 
Processed peas cut from 38% DDT plot 0.1 
Vines cut from 5% DDT plot 2.0 
Vines cut from 5% DDT plot 1.3 
Vined peas cut from 5% DDT plot 0.1 
Washed peas cut from 5% DDT plot 0.1 
Blanched peas cut from 5% DDT plot 0.1 
Processed peas cut from 5% DDT plot 0.1 
Processed peas cut from 5% DDT plot 0.1 





1 Vines and canned peas from untreated peas analyzed at the 
Wisconsin Experiment Station showed color equivalent to 
0.2 ppm of DDT. This shows that when not more than 0.2 ppm 
are indicated that there is no DDT present. 

These samples were taken from a planting of Perfection peas 
treated with $ and 5 per cent DDT dusts applied at 35 pounds 
per acre, June 22, during the first blossom stage. Samples were 
taken from freshly cut vines and peas from the viner. Mr. 
Alexander then followed commercial runs through the factory 
taking samples after washing and before blanching, after blanch- 
ing and finally samples of processed peas. The samples were 
stored at approximately 0° F. between collection and analysis. 


plied at 35 pounds per acre. Silage col- 
lected September 5 from the top of the 
stack of vines treated with 5 per cent 
DDT dust from the area treated with 50 
pounds per acre showed 5 to 7 ppm. A 
sample of silage taken from within the 
stack on October 10 showed only 5 ppm. 
A sample of silage from vines collected 
November 10 from the same _ source 
showed 4 ppm. of DDT. 

Conc.Lusions.—Experimental _ results 
show that a high degree of control of the 
pea aphid can be obtained with 3 to 5 
per cent DDT combined in a powdered 
insecticide. 

Based on the data given in this paper, a 
3 per cent DDT dust at 35 to 40 pounds 
per acre, or a 5 per cent DDT dust at 
30 to 35 pounds per acre can be recom- 
mended for pea aphid control. For those 
who desire a greater measure of safety, 
we recommend a dust containing 2 per 
cent DDT and 0.25 per cent rotenone. 
This dust was found to be as effective as 
any used in 1946. Where crop by-prod- 
ucts are used for animal feeding, consid- 
eration must be given to possible residues 
of DDT remaining on or in such mate- 
rials at the time of their utilization. 








SCIENTIFIC NOTES 


Repellent Properties of Extract of 
Amorpha fruticosa' 


Cuar.es H. Brert, Oklahoma Agricultural 
Experiment Station, Stillwater 

An acetone extract from the fruit of the indigo- 
bush, Amorpha fruticosa L., has been reported 
(Brett 1946) repellent for 12 or more hours to 
chinch bugs, grasshoppers, blister beetles, tent cater- 
pillars, ailanthus caterpillars, dog fleas, horn flies, 
and house flies. 

McCrory (1944) found cabbage worms refused to 
remain on cabbage plants sprayed with acetone ex- 
tract but the moths laid eggs as readily on treated 
plants as on untreated ones. Larvae hatching from 
these eggs devoured the treated plants completely 
with no harmful effects. 

A continued study of repellent properties of 
Amorpha extract is reported in this paper. 

Meruops anp Resuuts.—Chinch bug, Blissus 
leucopterus (Say). Both nymphs and adults were en- 
circled by barriers of standardized Amorpha dust, 1 
inch wide. About 500 insects were placed in the 
center of each of four such barriers. Less than 33 per 
cent of the bugs had crossed the barriers at the end 
of 10 hours. Repellency was nil at the end of 24 
hours. Twenty per cent of the bugs which crossed 
were dead at the end of 24 hours as compared with 
15 per cent in the checks. 

Comparative tests using 5 per cent DDT dust in 
the barriers killed 16 per cent of the bugs by the 
end of 24 hours. Nearly all insects had crossed this 
dust at the end of 15 minutes. Four per cent DN 
dust killed over 90 per cent of the bugs by the end 
of 6 hours. No repellency was shown. Ten per cent 
sabadilla dust killed all of the bugs within an hour. 
Sabadilla was not repellent but affected the bugs 
so quickly that 30 per cent died without being able 
to cross the barriers. 

Striped cucumber beetle Diasprorica viTTata 
(Fab.). Laboratory tests showed Amorpha extract to 
be very repellent to this insect for more than 12 
hours. Infested garden plants dusted with Amorpha 
were freed of beetles. Dead insects were not present 
and subsequent laboratory tests showed this dust 
to have little toxic effect. 

Mosquitoes, Aépes ancypri (Linn.) and A. AL- 
sopictus (Skuse). Amorpha showed very little repel- 
lency against these species in time-till-first-bite 
tests. Bites were received from caged hungry mos- 
quitoes at the end of 1 to 27 minutes exposure, in a 
series of several tests. 

Discusston.—Walnut shell flour is darker colored 
when impregnated with extract. It retains this color, 
its repellency, toxicity and fragrant odor for long 
periods of time when refrigerated in tightly closed 
bottles. Exposure to air results in a loss of these 
properties which is nearly complete by the end of 
24 hours. This, combined with considerable varia- 
tion in the amount of active material present in 
fruit from different plants, has complicated insecti- 
cidal studies. 

Summary.—Extract from fruit of Amorpha fruti- 
cosa plants, previously reported as being repellent 
for over 12 hours to several species of insects, has 


1 Valuable data was contributed by Leo A. Jachowski, Jr., 
Lt. (ig H(S) U.S.N.R., concerning tests on mosquitoes, and 
R. R. Walton of the Dept. of Entomology, Okla. Agr. Expt. Sta. 
in tests on the striped cucumber beetle. 


also been found to be repellent to the striped cucum- 
ber beetle. Further tests on the chinch bug have 
shown it to be very repellent to this insect. It was 
but slightly repellent to two species of mosquitoes, 
Aédes aegypti and A. albopictus. Bites were received 
after 1 to 27 minute exposures. 

Little toxic effect was shown on any of the insects 
during these tests.—10-1-46. 
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Emulsifiers for Liquid Acaricides* 


Heten J. Fuuno, Howarp A. Jonss,? and F. M. 
Snyper, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


To aid in the control of mite, or scrub, typhus 
among the armed forces, several liquid acaricides 
were developed for impregnating clothing (Snyder 
and Morton 1946). For this purpose the use of emul- 
sions appeared to be the most practical. An emulsi- 
fier was needed that would give satisfactory emul- 
sions in soft, hard, and sea water. Some of the emul- 
sifiers that had proved satisfactory in emulsions of 
dimethyl phthalate for use in mosquito-proofing 
clothing were selected for testing. 

To determine the physical stability of the acari- 
cide emulsions, 10 per cent of the emulsifier was 
added to the liquid acaricides, and an aqueous emul- 
sion was prepared and observed over a period of 
time. The method was similar to that used for test- 
ing DDT emulsions (Jones e¢ al. 1946). An emulsion 
was considered satisfactory if no separation of the 
oil phase occurred within 2 hours after preparation, 
but no separation within 24 hours was preferable. 

Table 1 shows the results obtained with the var- 
ious acaricides combined with some of the better 
emulsifiers. The emulsifiers are referred to by num- 
ber, as follows: 

. Polymerized glycol monolaurate 

. Polymerized glyco] monooleate 

. Polymerized glycol monostearate 

. Stearate 61-C-2280, or 75H-14S (a polyalky- 
lene glycol stearate) 

. Triton X-100 (polyethylene glycol alkyl ary] 
ether) 

. Tween 60 (sorbitan monostearate, polyoxyl- 
alkylene derivative) 

. Tween 80 (sorbitan monooleate, polyoxyalky- 
lene derivative) 

. Equal parts of Span 20 (sorbitan mono- 
laurate) and Tween 20 (sorbitan monolaurate, 
polyoxyalkylene derivative) 

9. Equal parts of Span 60 (sorbitan monostear- 
ate) and Tween 60. 
10. Equal parts of Span 80 (sorbitan monooleate) 
and Tween 80 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medi search, from the 
Office of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. 

2 Now with the Unit of Entomological Research of Dodge & 
Olcott, Inc., Baltimore, Md. 
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Table 1.—Physical stability! of emulsions containing 
trates’ containing 90 per cent of acaricide and 10 per cent of emulsifier. 
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5 per cent of acaricide prepared from concen- 








































EMULSIFIERS 
TypE or 
AcaRIcIpEs Water 1 2 8 4 5 6 7 8 9 10 
Benzyl benzoate Distilled Good Good Good Good Good Good Good Good Good Good 
Hard? poe Good Poor Good — Good Good Good Good Good 
Sea Good Good Good Good Poor Good Good Good Good Good 
Dimethy! phthalate Distilled Good Good Good Good Good Good Good Good Good Good 
Hard Good Good Fairly Fair Poor Fairly Good Fairly Fairly Fairly 
Sea Good Good ‘air Fair Poor air Fairly ‘oor airly air 
Dibutyl phthalate Distilled Good Good Good Fairly Good Good Good Good Good Good 
Hard Good Good Good airly Fairly Good Good Fairly Good Good 
Ses Good Good Fairly Early Petty Good Good eed Good Good 
good good good 
Rutgers 6-12 (2-Ethyl-1,3- Distilled Fairly Poor Poor Fairly Good Poor Fair Fairly Good Fair 
hexanediol) good good good 
Indalone (n-Butyl mesityl Distilled Good Good Good Good Fair Good Good Good Good Good 


oxide oxalate) 


Good 





Distilled 





2-Phenyleyclohexanol 


Dimethyl phthalate, Rutgers Distilled Fairly 
6-12, and Indalone (equal Hard 
parts) Hard ood 


Sea 


air 








Dimethylphthalate, Rutgers Distilled Good 
6-12, and 2-phenyleyclo- 
hexanol (equal parts) Sea Fairly Fair Fair 






Dimethy] phthalate, Rutgers Good Good 
6-12, and benzy] benzo- 


ate (equal parts, 





Fairly 





Very 





Good Fair Fairly Fairly Fairly Fairly Fairly 


Fair Poor ‘oor air air 









Fair Poor Poor Fair Poor Fairly ‘air 


Good 





hour or indistinct creaming. - 
2? All concentrates were clear cneept the following: 
land 3—Slightly cloudy in dibutyl phthalate. 


8—Cloudy in benzyl benzoate and dibuty! phthalate, slightly cloudy in Indalone, and f 


1 “Poor” indicates that separation of oil phase begins immediately; “fair,” within 2 hours after preparation; “fairly good,” bet wee 
2 and 24 hours; “good,” no separation of oil phase within 24 hours, only creaming; “very good,” either no separation whatever in 2 


with dimethyl phthalate. 


9—Cloudy and undissolved material in benzyl benzoate and dimethy! phthalate, cloudy in dibutyl phthalate, some un- 


dissolved material in Indalone. 
10—Slightly cloudy in benzyl] benozate. 
? Artificial hard water contai 
carbonate. Natural sea water used. 


For use in all types of water with benzyl benzoate, 
dimethyl phthalate, and dibutyl phthalate, all of 
which were used as acaricides in the Pacific war 
area, polymerized glycol monolaurate, polymerized 
glycol monooleate, and T'ween 80 appeared to be 
the best emulsifiers tested. The Span 60-Tween 60 
combination also gave good emulsions, but was not 
completely soluble in these acaricides. For benzyl 
benzoate only, which has been found to be the 
most promising of these acaricides, Stearate 61-C- 
2280, Tween 60, and the Span 20-Tween 20 and 
Span 80-Tween 80 combinations also gave satis- 
factory emulsions in all types of water. Benzyl ben- 
zoate was more readily emulsified than dimethyl 
phthalate. Tween 80 and Stearate 61-C-2280 were 
also tested asemulsifiers for 50:50 mixture of benzyl] 
benzoate and dibutyl phthalate, which has been 
found to be better for the impregnation of clothing 
than benzyl benzoate alone, and they gave satis- 
factory emulsions. Several of the emulsifiers formed 
good emulsions with materials which are also mos- 
quito repellents, such as 2-phenylcyclohexanol, the 
dimethyl phthalate: Rutgers 6-12:Indalone mix- 
ture, and dimethy] phthalate. 


tained 500 p.p.m. of magnesium sulfate, 500 p.p.m. of calcium chloride, and 250 p.p.m. of sodium bi- 





Before these emulsifiers were recommended for 
use by the armed forces, they were tested alone 
with distilled and sea water to determine their acari- 
cidal properties. Although none of the emulsifiers 
listed in table 1 interfered with the acaricidal proper- 
ties of the toxicants when used under experimental 
conditions in Florida, before any of them can be used 
on a large scale for this purpose it will be necessary 
to test them under field conditions and to de- 
termine their possible irritation and toxicity to man. 
—8-15-46. 
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Hexaethyl Tetraphosphate for 
Control of Mites 


L. J. Faverte,! G. S. Henstiu! and 
C. C. Cassi} 


Results of recent experimentation indicate that 
hexaethy] tetraphosphate merits considerable atten- 
tion as a commercial control for numerous insects 
and arachnids causing serious damage to agricul- 
tural and garden crops. The acaricidal value of this 
new insecticide was determined in an experiment 
conducted at a commercial nursery in San Pablo, 
California. The two-spotted mite, Tetranychus bi- 
maculatus Harvey, was causing considerable damage 
to plots of rose bushes, the President Hoover 
variety, located out-of-doors. 

A plot containing one hundred and fifty bushes, 
averaging five feet in height, was divided into three 
rows and each bush numbered. Thirteen bushes 
were chosen, five from the first row, four from the 
second and third rows, and each bush was divided 
arbitrarily into top, middle, and bottom. Three, 
five and seven leaves, respectively, were picked at 
random from these areas. Using a binocular micro- 
scope, the number of mites on each leaf, upper and 
lower surfaces, was recorded, segregating those dead 
from those alive. No eggs, exo-skeletons, nor frag- 
ments of mites were counted. 

Two 75 gallon applications of hexaethy] tetra- 
phosphate in a commercial spray, Vapotone Insect 
Spray, containing 50 per cent of the toxic ingredient, 
were applied at the rate of 1 pint per 100 gallons. 
The second application was made after a time lapse 
of 11-days. Five population counts were made, the 
first on June 13, immediately before the first spray, 
and the second one on June 14, 24 hours later. The 
third count was made on June 24, 11 days after the 
first and immediately before the second spray 
application, the fourth on June 25, 24 hours later, 
and the final count on July 5. 

No previous studies were made concerning the 
number of samples necessary for a reliable statistical 
analysis of the plot. The average coefficient of varia- 
tion of the five counts was 28.2 per cent which indi- 
cates that an adequate number of samples was 
taken. The accompanying table summarizes the 
results. 


Mires PER Lear? 


DaTE LiIvING TorTaL 





Mean o 

54.06+ 13.99 
37.43+ 8.48 
34.45+ 9.92 
33.30+ 9.76 
20.11+ 6.86 


June 13 
June 14 
June 24 
June 25 
July 5 


The first application killed 98.6 per cent of the 
mites, and most of those found alive at the time of 
subsequent counts were those hatched from eggs 
observed in the original population. The newly 
hatched mites were killed by the second spray 
application before they had reached maturity and 
could lay eggs. The per cent mortalities were not 
calculated in every case because there was a con- 
tinual increase in the mite population. The results 
are presented in terms of living mites per leaf. 
It was apparent that hexaethyl tetraphosphate did 


1 Research Dept. Calif. Spray-Chem. Corp., Richmond, Calif. 
2 The five population counts included a total of 34,970 mites. 
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not kill all the mite eggs although observations 
made during the study indicate that the mortailty 
of the eggs was above normal. 

The data did not show a significant correlation 
between the number of mites in the original popula- 
tion and the number of mites 24 hours after spray- 
ing, indicating that the number of mites washed off 
during spraying was not a fraction of the number of 
mites in the original population. 

An analysis of variance showed the apparent 
slight increase in mites alive per leaf 11 days after 
the second spray to be insignificant; 7.e., the mite 
population had remained constant because all the 
eggs had hatched by the time of the second spray 
application. 

The results of this experiment show that hexaethy] 
tetraphosphate is an effective acaricide and will give 
commercial control of the two-spotted mite. Gener- 
ally it would be necessary to apply more than one 
treatment in order to kill those mites which have 
hatched from eggs not killed during the initial 
spray. This experiment indicates that two applica- 
tions of aqueous spray containing hexaethy] tetra- 
phosphate at 1 to 1600 dilution are sufficient until a 
reinfestation occurs. 


LITERATURE CITED 
Schrader, Gerhard. 1943. Hexaesters of tetra- 
phosphoric acid. U. S. Patent 2,336,302; 
issued December 7, 1943. 





Increase in the Population of Leca- 
nium pruinosum on English Walnuts 
Following Applications of DDT Sprays 


A. E. MicHe.BacuEer, CLARK SWANSON and 
W. W. Mipotexavrr, University of 
California, Berkeley 


At Linden, California DDT water suspension 
sprays were used during the summer of 1945 to 
control the codling moth on the Payne variety of 
walnut. The composition of the spray per 106 gallons 
of water was as follows: 


DDT 20 per cent wettable 
5 pounds 
~~ pound Ist spray 
Colloidal DDT depositor. . . 
{0.5 pound 2nd spray 
Light medium oil emulsion. .0.33 gallon 


Order of mixing: DDT added when water was 
up to the agitator rod, then depositor, followed by 
the oil. 

One and two spray treatments were compared 
In one case, trees were sprayed on May 4 and in 
the other, on May 4 and again on May $1. Each 
of the treatments were replicated seven times along 
with other treatments in a 7 by 7 latin square which 
consisted of single tree plots. Similar sprays were 
also applied at the same time to two commercial 
blocks, each consisting of 56 trees. The sprays were 
applied at 600 pounds’ pressure with automatic 
sprayers equipped with 25 foot towers. Approxi- 
mately 55 gallons of spray were used per tree for 
each application. 

Both the one and two spray treatments resulted 
in excellent control of the codling moth. Where the 
two sprays were applied, it was extremely difficult 
to find a single infested nut in the harvested crop. 
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The treatment also resulted in the control of the 
walnut aphid, Chromaphis juglandicola (Kalt.). 
The reduction in population was more marked where 
the sprays were applied on a commercial scale than 
where they were applied to the single trees in the 
replicated experiment. The aphid control obtained 
was the best we have experienced with DDT. Where 
used elsewhere on walnuts, DDT has resulted in a 
fair to good initial kill, which has been followed by a 
serious increase in the aphid population. 

There was a considerable increase in the mite 
population late in the season on those trees receiving 
DDT. This increase was more marked on the com- 
mercial blocks than in the single tree experiment. 

On May 10, 1946 the trees sprayed with DDT 
were examined. It was noted that they were much 
more heavily infested with the frosted scale, Lecan- 
ium pruinosum Coquillett than were any of the sur- 
rounding trees. Relative scale populations were 
determined by counting the number of live scales 
on terminal twigs. All scales were counted back 
to the first lateral twig. The average number of 
scales found per twig, and the number of twigs 
counted, were as follows: 


Twics SCALES 





One spray DDT, commercial block. 96 
Trees surrounding the one spray 
DDT commercial block 48 
Two spray DDT, commercial block 96 
Trees surrounding the two spray 
DDT commercial block 48 
One spray DDT replicated single 
42 2.1 
Two spray DDT replicated single 
42 1.8 
Check trees in replicated single tree 
experiment 


7.5 


0.54 
6.0 


0.37 


0.54 


From the above it is seen that the scale population 
was much heavier on those trees which were sprayed 
with DDT. Further, the population was larger in 
the commercial blocks than it was in the single tree 
replicated plots. Apparently many of the advan- 
tages as well as the disadvantages connected with 
the use of DDT are magnified when it is applied to 
commercial blocks as compared to single tree repli- 
cated plots. This certainly appeared to be the case 
with the frosted scale. The same thing also occurred 
with the orchard mite, and in the case of the walnut 
aphid, control appeared better in the commercial 
blocks than in the single tree replicated plots. 





Di(4,Chlorophenoxy) Methane for 
Control of Citrus Red Mite 


Lee R. Jeppson, Citrus Experiment Station, 
Riverside, California’ 


Oil sprays and dinitro-o-cyclohexylphenol (2- 
cyclohexyl 4,6-dinitrophenol) sprays and dusts are 
generally relied upon for the control of the citrus 
red mite, Paratetranychus citri McG., on citrus in 
California. Although oil sprays have given good con- 
trol there are many conditions in which it is un- 
desirable to apply oil to citrus trees at the concen- 
trations necessary for adequate mite control. 


1 Thanks are due the Dow Chemical Company for supplying 
the di(4,chlorophenoxy) methane ard especially to Drs. Britton, 
Kagy and Mr. Korsmeier for their suggestiéns and assistance. 


Screntiric Notes 
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The dicyclohexylamine salt of dinitro-o-cyclohexyl- 
phenol at concentrations of 1.7 per cent in a dust, 
DM-Dust D-8, and 20 per cent in a spray concen- 
tration, DN-111, are used with generally satisfac- 
tory mite control but under high temperature condi- 
tions they may cause plant injury and they cannot 
be combined with most of the insecticides and 
fungicides commonly used on citrus trees. 

Di(4,chlorophenoxy) methane was found to be 
toxic to the citrus red mite in tests made in the 
laboratory by Ray Korsmeier during April 1944.” 
In March, 1945, tests were made by the author which 
confirmed Mr. Korsmeier’s results. At that time 
rather extensive laboratory and field studies were 
initiated, the results of which have shown that this 
material exhibits not only immediate but residual 
toxicity to these mites. It has also been found to 
possess other desirable characteristics which lend to 
the production of sprays and dusts for the control 
of the citrus and other plant mites. 

Di(4,chlorophenoxy) methane is soluble at ap- 
proximately 4 per cent in kerosene or the regular 
spray oils and up to 30 per cent in Velsicol AR-60, 
tetralin, and similar aromatic solvents. This com- 
pound dissolved in either of the above solvents to 
give a dilutes spray concentration of two-thirds of a 
pound or more of the toxicant per 100 gallons of 
water consistently gave a complete kill of red mite 
eggs in laboratory tests. 

Laboratory and field-laboratory tests have been 
made to measure the residual toxicity of this com- 
pound to the citrus red mite. In these tests, mites 
were transferred to fruit at intervals after treat- 
ment. When dissolved in kerosene or Velsicol AR-60 
and applied at 1 pound per 109 gallons of diluted 
spray, mortalities of 100 per cent have been ob- 
tained after 60 days under inséctary conditions and 
under field conditions from 10 to 30 days. The re- 
sults from the first year’s field program suggest that 
the residual toxicity is more prolonged during the 
winter than during the summer season. 

Nearly 1000 pounds of di(4,chlorophenoxy) 
methane have been applied in spray emulsions to 
citrus trees during 1945 to June 1946. No injury 
to the trees attributable to the treatments has been 
observed in any of the:tests. The results of experi- 
ments thus far conducted in the control of the citrus 
red mite with emulsions containing this compound 
at one pound per 100 gallons of spray have been 
comparable with the conventional oil sprays and 
have given more consistent control than DN-111. 

Although spray suspensions or dusts containing 
di(4,chlorophenoxy) methane are less toxic to the 
eggs of the citrus red mite than kerosene emulsions, 
field tests indicate that it has sufficient residual 
toxicity to prevent the development of the mites 
which hatch after the time of application. Concen- 
trations of one pound per 100 gallons of spray and 
dusts containing 4 per cent or more of the active 
ingredient have given satisfactory control in pre- 
liminary field tests. 

Further work on di(4,chlorophenoxy) methane 
is being continued in order to determine the most 
effective and practical combinations and dosages to 
be used each season of the year in the various locali- 
ties where the citrus red mite is a pest in California. 
Combinations of this compound with insecticides 
and fungicides now in use are being investigated to 
determine their compatibilities. 


2 Unpublished notes on file at the University of California 
Citrus Experiment Station, Riverside, California. 
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A New Host for Cybocephalus sp., a 
Predator of Diaspine Coccidae 


Leo Kartman,! U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


Beetles of the cybocephalid genus Cybocephalus 
occur throughout the subtropical and tropical re- 
gions of the world, feeding mainly upon diaspine 
Coccidae and species of Aleyrodidae. Species of this 
predator have been reported as far north as Japan 
and as far south as Cape Town. Probably about a 
dozen species are known. 

Possibly two species occur in the United States: 
Cybocephalus californicus Horn is reported from the 
Southwest and has been collected in California from 
Yuba County to San Diego County, and C. nigritu- 
lus Lec. frequents the Southeast. The taxonomy 
of the genus, however, is confused, and it has been 
suggested that the types of californicus and nigritu- 
lus may be opposite sexes of the same species. 

Herbert (1920) has reported Cybocephalus cali- 
fornicus Horn as a predator upon the cypress bark 
scale, Ehrhornia cupressi (Ehr.), in California. Riley 
(1882) recorded two species feeding upon Chionasyrs 
in western North America. Balachowsky (1928) 
and Peyerimhoff (1931) have reported several spe- 
cies predacious on the parlatoria date scale, Parla- 
toria blanchardii (Targ.), in North Africa and the 
Near East. Silvestri (1910) has given an account of 
Cybocephalus rufifrons Reit. which feeds on the eggs 
of the white peach scale Pseudaulacaspis pentagona 
(Targ.). Clausen & Berry (1982) have recorded the 
genus as predacious on the citrus black fly and other 
Aleyrodidae in tropical Asia. One species is rather 
common on Aleurocanthus in Java. 

Very little is known of the biology of this genus. 
Silvestri (1910) gives an account of the habits of 
Cybocephalus rufifrons Reit, which lays its eggs be- 
neath the female scales of the white peach scale. 
Clausen & Berry (1982) made observations on an 
undetermined species in Java, the larvae of which 
were white and remained upon the leaf during the 
entire feeding period. Pupation occurred in the soil 
without the formation of a cocoon. Flanders (1934) 
has recorded the life history of an undetermined 
species imported from the Orient to feed on red 
scale in California. He states that pupation occurs 
in the soil, with the formation of a round, parch- 
ment-like white cocoon. The total life cycle at 82° F. 
lasted about 24 days. Balachowsky (1928) states 
that the adults of C. seminulum Baudi are very 
strong fliers. 

During April of 1942 small black beetles were 
observed (Ferris 1941) in a Chico, Calif., orchard 
on almond trees heavily infested with the Hall 
scale, Nilotaspis halli (Green). On closer inspection 
these beetles were seen to be feeding on the scale. 
E. A. Chapin, of the U. S. National Museum, deter- 
mined the predator as Cybocephalus sp. and indi- 
cated that it might be C. californicus. However, the 
specific status is here used only tentatively for the 
reasons cited above. 

The adult beetle is exceedingly small, being ap- 
proximately 1 mm. long and 0.8 mm. in width. 
This size is only very slightly larger than the adult 
scale host. The beetle is rather difficult to locate 
because of its habit of hiding in the cracks and 
crevices of rough bark. This habit is an advantage, 


1 The writer expresses his ap reciation for helpful suggestions 


from B. A. Porter and C, P. usen. 
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since its small size allows it to seek out the scale 
located in well protected bark recesses. 

Microscopic observations showed that the adult 
beetle usually attacks the scale vigorously, works 
through the case with its stout mandibles, and then 
produces a large gap in the soft scale body. It sub- 
sequently proceeds to bury its mouth parts, and 
even a portion of its head, in the opening and re- 
mains thus for an appreciable time, apparently im- 
bibing the fluid content of the scale. Gravid female 
scales seemed especially to be the prey of the beetle, 
whereas migrating larvae were ignored. 

In order to arrive at some preliminary estimate of 
the feeding capacity of the predator, 12 beetles 
were confined singly, each with 10 live adult female 
scales, on squares of bark. This material was held at 
room temperature and the bark kept fresh by 
moistening. 

Over a period of about 36 hours an average of 7.08 
scales per beetle were consumed. Three of the 
beetles tested consumed all of the hosts allotted 

em. 

Field observations were made on the abundance 
of the predator. Each tree was given a 30-minute 
inspection from crown to base. The beetle seemed to 
be confined chiefly to older parts of the tree in rough 
bark. This is remarkably correlated with the habits 
of the host. A direct relation between predator 
abundance and intensity of scale infestation was 
indicated. 

Actual counts revealed that Cybocephalus was 
present in very small numbers. Specimens found 
averaged about 0.40 adult beetle per tree lightly 
infested with the host, and about 3.40 beetles per 
tree with heavy scale infestation. This meagre 
population may have been due to the effects of con- 
trol operations against the scale. Life-history studies 
were not feasible in view of this lack of material. 

These observations on Cybocephalus show it to 
be a predator of diaspine Coccidae in many parts of 
the world. Whether it could prove an efficient factor 
in biological control cannot be surmised at this time. 
Obviously, work on this genus is at present limited. 
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Effect of Hexachlorocyclohexane on 
Onion Seedlings 


W.S. McLeop, The University of Manitoba, 
Winnipeg 

In the course of an experiment on onion maggot 
(McLeod 1946) it was noticed that pelleting the 
onion seed with an equivalent weight of 20 per cent 
of crude hexachlorocyclohexane in gypsum pre- 
vented the growth of any onion seedlings (Treat- 
ment No. 17). This note records an attempt to 
discover what had happened in this particular test. 

Accordingly, in January of 1946, a greenhouse 
test was performed. Soil was weighed out in two- 
pound portions. A 20 per cent dust of crude hexa- 
chlorocyclohexane in gypsum was mixed with these 
portions of soil in quantities which varied from 0.5 
gram to 512 grams. Eleven pots were filled with the 
various mixtures while a pot filled with untreated 
soil was used as a check. Each pot received 200 
Ebenezer onion seeds and observations were made 
every second day by pulling and examining 2 seeds 
or seedlings from each pot. Growth was good in the 
check pot but all others showed a marked effect from 
the hexachlorocyclohexane. 

It was therefore decided to repeat the experiment 
immediately with greatly reduced dosages. 

In the second experiment, soil was once again 
measured out in 2-pound portions. To these were 
added, respectively, the following amounts of 20 
per cent hexachlorocyclohexane in gypsum: 0 
(check), 0.01 gm., 0.03 gm., 0.06 gm., 0.12 gm. 0.25 
gm., 0.5 gm., 1 gm., 2 gm., 4 gm., 8 gm., and 32 gm. 
Each pot was planted with 100 onion seeds. It was 
observed that, contrary to expectations, seed in all 
pots germinated normally. About the time the seed- 
lings in the check pot were an inch in height a dis- 
tinct effect of the hexachlorocyclohexane could be 
noted. All pots containing 0.5 gm. or less of the 20 
per cent dust showed healthy seedlings with no 
apparent difference between treatments. The one 
which had received 1 gm. had a normal number of 
shoots showing above the surface of the soil but 
these shoots were shorter and thicker than those 
already noted. The sample which contained 2 gm. 
had very few shoots visible above the surface and 
these were considerably thickened at the base. The 
remaining 4 pots, all of which contained 4 gm. or 
more of dust, had no seedlings showing above the 
surface; those seedlings which were removed for 
examination showed the characteristic thickening of 
the shoot and in addition, the tip of the rootlet 
showed a marked browning. 

Later observation showed that the above-men- 
tioned effects continued to become more pronounced. 
At the termination of the experiment it was thought 
that the plants in the 0.5 gm. treatment showed a 
very slight thickening of the shoot, a condition 
which had not been apparent at an early date. 

These results would indicate that applications of 
hexachlorocyclohexane to the soil may be not 
without hazard. Applications should always be the 
minimum quantity which will produce satisfactory 
control of the pest concerned. Information on the 
rate of volatilization of the chemical must be secured 
before it will be safe-to recommend the material for 
the control of such a pest as the onion maggot where 
applications must be made to the soil at the base of 
the plant.—7-6-46. 
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Neurocolpus nubilus, a Cotton Pest 
F. F. Brissy, Smithville, Mississippi 


Neurocolpus nubilus (Say)! (Miridae) apparently 
caused serious damage to cotton in Mississippi dur- 
ing 1946 and did more toward causing yield there to 
fall below average than any other insect pest. 

In Tunica, Coahoma, and Monroe Counties there 
were many fields showing typical mirid-damage in 
which Neurocolpus nubilus was in greater abundance 
than any other mirid. In some of the fields it was the 
only one found; in others, the mirids Adelphocoris 
rapidus (Say), Lygus oblineatus (Say), and Psallus 
seriatus (Reuter) were along with N. nubilus and, no 
doubt, contributed to the damage. 

The damage was similar to combined damage of 
Psallus seriatus and Adelphocoris rapidus. One char- 
acteristic not common to either, or to that of Lygus 
oblineatus, was yellowing of exposed petal-portion of 
immature squares. 

Neurocolpus nudilus was collected from Croton 
capitatus Mich? in Pemiscot County, Missouri, in 
October, 1946, in association with Psallus seriatus.— 
11-7-46. 


_} Determined by Mr. J. M. Langston, State College, Missis- 
sippi. 
2 Determined by Dr. J. Ewan, Beltsville, Maryland. 





Unusual Feeding Injury by Corn 
Earworms 


Martin H. Muma, University of Nebraska, Lincoln 


Unsual injury to corn stalks by the corn earworm 
Heliothis armigera (Hbn.), was observed on October 
15 and 16, 1946 in south central Nebraska. While 
surveying for infestations of the southwestern corn 
borer, Diatraea grandiosella Dyar, rather frequent 
breakage of stalks just above, at, or just below the 
ear was noted. Investigation disclosed large, black- 
ened frass-filled cavities just above the joints at 
which the lodging occurred. These tunnels seldom 
extended more than an inch or two into the inter- 
nodal area and in most cases consisted of a simple 
hollowed cavity. In some instances, however, definite 
convoluted tunnels were found. Most of the tunnels 
or cavities were partially or completely filled with 
large, moist, foul frass but contained no larvae. 
Careful shredding of a considerable number of 
injured stalks revealed corn earworm larvae in 
about 20 per cent of the stalks. These larvae were 
apparently from a late generation as nearly half of 
them were only half to two-thirds grown. The ac- 
companying photograph shows the type of stalk in- 
jury caused by these larvae. 

Although no definite survey was made to de- 
termine the extent of this injury, estimates of dam- 
age were made in the 30 fields examined. The fields 
were located in Thayer, Nuckolls, Webster, Franklin, 
Harlan, Furnas, Phelps, Kearney, and Adams 
Counties. All fields examined had some breakage due 
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Fic. 1.—Corn earworm damage to cornstalks. 


to the earworm. Three fields had an estimated 5 
per cent of the stalks lodged but in most cases the 
injury was estimated at 1 per cent or less. 

The reason for this unusual type of injury by the 
corn earworm is not definitely known. A knowledge 
of the weather and crop conditions in the area does, 
however, give a possible explanation. The 1946 corn 
season in the affected area was long. This was caused 
by a dry spring and a rainy fall that prolonged the 
growing season well into October. Under this condi- 
tion a late brood of earworms was apparently pro- 
duced. At this time the ears were mature. Subfreez- 
ing temperatures killed corn leaves and other culti- 
vated and wild food plants, forcing the partly grown 
worms to feed in the late cornstalks that were still 
somewhat green.—11-4-46. 





Benzene Hexachloride as an Ovicide 
for the Short-nosed Ox Louse 


R. W. Wetts and W. L. Barrert, Jr., U.S.D.A,. 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


Results are given of tests on the use of benzene 
hexachloride or gamma isomer of (hexachlorocyclo- 
hexane) as an ovicide for the short-nosed ox louse, 
Haematopinus eurysternus Nitz. 

Wettable hexachlorocyclohexane powder aggre- 
gate, labeled as containing 7.5 per cent of the 
gamma isomer, was used as suspensions in water 
with the indicated levels of gamma concentration. 

For tests in vitro, patches of egg-infested hair were 
plucked from cattle. Unhatched eggs were sorted 
and then counted out into lots of 100. Each hair was 
clipped close to the ends of the egg, thus leaving the 
egg attached to a short section of hair. The batches 
of eggs were treated by immersing and gently agitat- 
ing for 1 minute in 25 ml. of suspensions containing 
1.0 and 0.1 per cent of the gamma isomer. The eggs 
were removed from the suspensions by screening 
with 60-mesh bolting cloth. After drying for a few 
minutes on filter paper at room temperature, the 
eggs were placed in ventilated paper pill boxes and 
held at different humidities controlled by sulfuric 
acid in a constant temperature of 30° C. Untreated 
eggs were similarly held as checks. 

The relative humidites in which the eggs were 


Vol. 39, No. 6 


incubated were 38.9, 75, 87.9, and 94.9. Of the un- 
treated eggs at these humidities, the percentages 
that hatched were 94, 84, 78, and 20, respectively. 
However, at 94.9 per cent humidity fungus de- 
veloped in abundance on the eggs. None of the 
treated eggs held in the same environments hatched. 

On the laboratory premises two infested cattle 
were sprayed to saturation with an aqueous suspen- 
sion containing 0.1 per cent of the gamma isomer. 
Untreated eggs taken before spraying yielded 76 
and 63 per cent hatch at 30°C. and 75 per cent 
humidity, whereas eggs removed 1 hour after 
spraying and placed in the same environment yielded 
no hatch, 

On a ranch one heavily infested cow was sprayed 
to saturation with a 0.1 per cent suspension of the 
same material. The infestation was eradicated by 
one treatment. 

In other in vitro tests 100 per cent of the eggs 
were killed with gamma benzene hexachloride at 
concentrations of 0.05 and 0.01 per cent, but the 
number of viable eggs available was not adequate 
for entirely satisfactory conclusions. 

Most of these tests were conducted in March and 
April 1946—11-5-46. 





Control of Grasshoppers Injuring 


Apple Orchards 


CasTILLO GRAHAM and Ernest N, Cory, 
University of Maryland, College Park 


A mixed infestation of two species of grasshoppers, 
Melanoplus femurrubrum DeGeer and M. differen- 
tialis Thomas, appeared in apple orchards in Wash- 
ington County July 15, 1946, in destructive num- 
bers. The standard poison-bran bait applied in late 
afternoon and evening in several orchards failed to 
give satisfactory control. 

By August 10 the hoppers were causing complete 
defoliation of apple trees in many orchards. Sprays 
containing nicotine sulphate and arsenate of lead, 
various strengths of DDT wettable powder, DDT 
emulsion, and of a material known as 20X, which 
contained pyrethrum, proved ineffective. A com- 
mercial spray DX, containing DDT, rotenone and 
pyrethrum, when used at 2 quarts to 100 gallons of 
spray and applied to the trees and ground cover, 
gave approximately 85 per cent kill. Benzene 
hexachloride, containing 12 per cent gamma isomer, 
when used at strengths of 1 to 4 lbs. per 100 gallons 
of spray, applied to both trees and ground cover, 
gave approximately 100 per cent kill within 6 hours. 
When used at the strength of 1.5 lbs. on the ground 
cover only, approximately 95 per cent kill was ob- 
tained. Several hundred acres of apple orchards in 
Western Maryland were sprayed with this material, 
and in all cases good commercial control was ob- 
tained with one application. It required approxi- 
mately 400 gallons for an acre of ground cover. 

At the time the applications of benzene hexa- 
chloride were applied it was deemed advisable to 
avoid spraying the fruit due to the undesirable odor 
of the material. However, samples of apples from 
trees sprayed August 13, 1946 with as much as 4 lbs. 
of the material per 100 gallons of spray, had no 
detectable odor at harvest time.—12-2-46. 
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Controlling the Fall Armyworm in 
Sweet Corn and Popcorn with 


R. A. Buancuarp, T. R. CHAMBERLIN, and 
A. F. Satrertawait,! U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and 
Plant Quarantine 

In the East St. Louis, Ill., area the fall armyworm, 
Laphygma frugiperda (A. and S.), often causes 
severe damage to sweet corn maturing after Septem- 
ber 1. In Mississippi, where the work on popcorn 
reported herein was carried on, the fall armyworm 
may attack the whorls of growing corn as early as 
May and continue until fall, severely damaging the 
ears. Most of the attacks, however, have been re- 
ported in June, July, and August, when the worms 
feed mostly in the leaf whorls. Under some condi- 
tions such feeding in the whorls may ruin whole 
fields. In both Illinois and Mississippi the fall army- 
worm and the corn earworm, Heliothis armigera 
(Hbn.), often atiack the same ears. Their combined 
damage may be very severe since, although the fall 
armyworm may enter the ears through the silk 
channel, as the earworm usually does, it also often 
bores into the side of the ear. When abundant, it 
thus further reduces the marketability of sweet corn 
by making the husks unsightly. 

In 1944 and again in 1945 in the East St. Louis 
area during the course of experiments with DDT for 
control of the corn earworm in sweet corn ears, ob- 
servations were also made on the effectiveness of 
DDT against the fall armyworm. Where the fall 
armyworm was present, oil solutions and emulsions 
containing 2 per cent of DDT were used in the 
tests both years. Two methods of applying the in- 
secticides to the ears were used—(1) injection into 
the silk channels and (2) atomization upon the ears 
and silks by means of a paint-spray gun. 

In 1944 only a few fall armyworm larvae were 
still in the corn ears in any of the treated or check 
plots examined at harvest time. It was therefore 
necessary to estimate the degree of control obtained 
largely on the basis of scarcity or abundance of the 
type of damage characteristic of this insect. The re- 
sults indicated, however, that 2 per cent of DDT in 
white mineral oil (80-90 seconds Saybolt) was very 
effective for control of the fall armyworm, as well as 
the earworm, and that ears treated by atomization 
were somewhat more effectively protected than 
those treated by injection. Certain DDT emulsions 
also gave good control of both the arfnyworm and 
the earworm, especially where they were applied by 
atomization. The formulas for these emulsions are 
not given, because they were not entirely satis- 
factory in other respects. 

In 1945 more positive data on control of the fa!] 
armyworm were obtained in experiments in which 
several different treatments were tested on triplicate 
plots. Since a considerable population of fall army- 
worms was present at harvest time on the plots 
that had received no treatment or an unsuccessful 
one, the effectiveness of the different treatments 
could be compared on the basis of the numbers of 
worms present and the extent of characteristic 
armyworm injury. 

Fars treated with mineral oil (85-95 seconds 
Saybolt) containing 2 per cent of DDT at the rate 


1 The authors gratefully acknowledge assistance in the field 
work by W. A. Douglas, of the Bureau of Entomology and Plant 
Quarantine and by J. Murray Brown, owner of the experimental 
field in Mississippi. 
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of 0.5 ml. per ear by injection, or 1.0 ml. bac ear 
by atomization,? had nei armyworm damage 
nor armyworm larvae at harvest time. Almost per- 
fect control of the corn earworm was obtained by 
this treatment. 

The three emulsions tested gave somewhat better 
control of the fall armyworm than of the earworm. 
One emulsion gave apparently perfect control of the 
fall armyworm when a total of 1 ml.—0.5 ml. to each 
side—was applied to each ear. This was a relatively 
stable emulsion containing the following ingredi- 
ents: Water-dispersible powder containing 90 per 
cent of DDT, 2 per cent; a condensation product of 
ethylene oxide and an alkylated cresol (Igepal CA 
Extra High Concentrate), 1 per cent; white mineral 
oil (85-95 seconds Saybolt) (Marcol JX), 10 per 
cent; and water, 87 per cent. Only one fall army- 
worm was present in 35 years to which this emulsion 
was applied at the rate of 0.5 ml. per ear—either 0.25 
ml. from each side of 0.5 ml. from one side. In the 
three tests with this emulsion from 69.4 to 88.2 per 
cent of the ears were undamaged and contained only 
0.14, 0.22, and 0.11 earworm larva per ear. All 
the ears on the untreated check plots were damaged 
by either the earworm or the fall armyworm, or both, 
and averaged 0.64 fall armyworm and 0.89 earworm 
per ear when harvested. The type of damage on the 
untreated ears indicated that the fall armyworm had 
fed on a large percentage of them. 

In 1945 experiments were conducted near State 
College, Miss., on young popcorn plants heavily 
infested with fall armyworms, which were feeding 
in the whorls and tassels. Dusts containing 1 to 9 
per cent of DDT in pyrophyllite, a bran bait con- 
taining DDT, and a water emulsion containing 2 
per cent of DDT were used. The bait formula was 
2 ounces of DDT, 0.35 pint (168 ml.) of dark cane 
cooking molasses, $ pounds of bran, and 1.5 pints 
of water. The emulsion contained 9.48 gm. of DDT, 
18.96 ml. of xylene, 0.75 ml. of Igepal CA Extra 
High Concentrate, and water to make 1 pint. 

The dusts were applied with a small plunger- 
type duster in sufficient quantity to penetrate the 
whorls and tassels of the plants. The amount per 
plant varied somewhat according to the size of the 
plant and the extent to which feeding had extended 
outside the whorls on the leaves and tassels. It is 
estimated that the average rate was 10 pounds per 
acre or less. Enough of the emulsion was used to 
moisten the tassels and whorls and provide some 
excess, which ran down into the middle of the 
whorls. The amount averaged about 1 ml. per plant. 

No control was obtained with any of the dusts. 
The bran bait gave excellent control when dropped 
into the whorls of the plants, and the emulsion 
gave some control, but was judged much inferior to 
the bait. 

Whether DDT can safely be used on sweet corn 
grown for market and on popcorn has not been 
fully determined. Although the foregoing treat- 
ments apparently resulted in little or no residual 
deposit of DDT on the sweet corn kernels, chemical 
analyses indicated that considerable quantities re- 
mained on other parts of both plants up to 26 
days after treatment. Until further information is 
available on the magnitude and hazards of these 
residues, DDT should not be applied to corn 
plants, portions of which may be used for human or 
animal food.—10-23-46. 

2 No plots atomized at 0.5 ml. per ear were included in teseh 
tests. 








818 


Seasonal Cycle and Control of the 
Pine Tip Moth 


F. A. Fenton and M. Aranastev, Oklahoma Agri- 
cultural Experiment Station, Stillwater, Oklahoma 


For several years, ornamental and experimental 
plantings of pines near. Stillwater, Oklahoma, have 
been seriously injured by the Nantucket variety of- 
the pine tip moth.! The following is a brief report on 
biological and control studies made at Stillwater 
during 1946. 

SEASONAL CycLE.—Winter is passed in the pupal 
stage in pine tips. There were four definite periods of 
moth emergence as follows: March 19 to April 9; 
June 1 to 10; July 10 to 24, and September 5 to 17. 
All larvae of the first and second generations pupatec 
shortly after the end of the larval feeding period but 
only part of those of the third generation pupated. 
The rest remained as larvae until early in October 
when they pupated. No moths had emerged from 
these pupae by October 24, so it is assumed they 
will overwinter. Moths of the third generation laid 
eggs and by October 24, 51 per cent of the larvae 
which hatched from these eggs had pupated. There 
were therefore, two complete generations and par- 
tial third and fourth generations in Stillwater in 
1946. The overwintering pupae were derived from 
two generations. 

Controu.—Emergence of moths was used to time 
sprays. These were applied March 30, June 7, and 
July 19. A water dispersible DDT (50 per cent 
strength) was used at 1, 0.48 and 0.118 per cent con- 
centrations and also the following formulation: 
summer oil (Superla) 3.75 pints, 40 per cent nicotine 
sulfate (Black Leaf 40) 0.8 pint, to 50 gallons of 
water. The trees were sprayed with power sprayers at 
400 to 600 pounds pressure so that the tips of the 
branches were thoroughly drenched. Most of the 
pines were less than 5 feet tall. Shortleaf pine, 
Pinus echinata, was sprayed because it is very sus- 
ceptible to the pine tip moth. Each of the plots con- 
sisted of not over 60 trees in a solid block except in 
the oil-nicotine plot where the trees were scattered. 
All plots were in two blocks containing several other 
varieties. 

The results are shown in table 1. The examination 
made May 9 showed that control was perfect with a 
0.48 per cent DDT spray, and that the control with 
the oil-nicotine was inferior to the two DDT treat- 
ments. Plot 1 was sprayed June 7 to control the 
second generation while plot 2 was left to determine 
possible residual effect of the March 30 spray treat- 
ment. The infestation count made July 5 again 
proved the effectiveness of the 0.48 per cent DDT 
treatment and also the fact that the March 30 DDT 
spray had lost its effect. A third spray was applied 
to plots 1 and 2 July 19, using a 0.118 per cent 
DDT concentration. This reduced the infestation in 
plot 2 and held it down in plot 1. 

The trees were not sprayed to control the fourth 
generation. As a result, the infestation increased 
tremendously in plots 1 and 2. The heavy infestation 
in plot 2 could have been due in part to the fact that 
it was the nearest to the non-sprayed or check plot. 

The results of this preliminary test show that a 
water dispersisle DDT spray at 0.48 per cent 
strength will effectively control the Nantucket 
variety of the pine tip moth. The spray application 
must be timed to control the young larvae before 


_1 Determined as Rhyacionia frustrana (Comst.) by the U. S. 
National Museum. 
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Table 1.—Comparative effectiveness of three 
spray treatments for controlling the pine tip 
moth Stillwater, Okla., 1946. 


= 








Per Cent Inrestep Tips! ror— 


Ist 2nd Srd 4th 
Gener- Gener- Gener- Gener- 
ation ation ation ation 
May 9 July 5 Aug.29 Oct.24 





Spray Mixtures 
Piotr Usep anv Dates 
No. or TREATMENT 


1 DDT, 0.48% Mar. 30, 0 1 3 52 
June 7. 
DDT, 0.118 July 19. 


DDT, 1% Mar. 30. 39 
DDT, 0.118% July 19. 


Check 72 62 
Superla oil 3.75 pints, 16 _ 


Black Leaf 40 0.8 pints, 
water 50 gals. Mar. 30. 








1 Infestations determined by examinations of randomized 
samples taken in each plot. 


they can penetrate into the rapidly growing term- 
inals. This can be determined best by observations 
on moth emergence. The spray must be directed into 
the terminals with considerable force so that it can 
penetrate into the cluster of pine needles. Where 
reinfestations in small blocks are possible, it is neces- 
sary to spray for each generation, or four times 
However, if large blocks can be sprayed and all in- 
fested trees treated in the immediate vicinity, one 
or two properly timed applications would appear to 
be sufficient to give protection. 





Laboratory Tests in Controlling 
Pillbugs' 


F. R. Suaw, A. I. Bourne, and W. B. Hatuaway, 
Massachusetts State College, Amherst 


Species of Crustaceans of the families Oniscidae 
and Armadillidiidae have frequently caused severe 
damage in greenhouses. In an attempt to find a 
satisfactory control for these pests and as a pre- 
liminary to experiments with DDT on plants under 
actual greenhouse conditions, laboratory tests have 
been conducted to determine the effectiveness of 
DDT as a control measure for two species of 
Armadillidiidae, Armadillidium vulgare Latr. and 
A, nasatum Budde-Lund. The results obtained are 
based upon three tests conducted successively. 

The following is a list of the percentages and 
the types of DDT used throughout the experiments: 

Gesarol A3 dust 3 per cent DDT 

Neocid A5 powder, 5 per cent DDT 

Larvicide, dust, 10 per cent DDT 

Gesarol dust conc, 40 per cent DDT 

Throughout the experiments the Crustaceans 
were maintained in 3-ounce salve boxes in which 
small amounts of manure obtained from greenhouse 
benches were placed to serve as food. The manure 
was moistened to supply essential moisture. Five 
specimens of the Crustaceans were placed in each 
container. 

In each of the three successive tests, four con- 
tainers were included for each percentage of DDT 
to provide the conditions listed below: 

Pillbugs in constant contact with DDT, con- 

tainer covered. 


1 The suggestions of Dr. H. L. Sweetman are acknowledged. 
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Table 1.—The average number of hours required for each percentage of DDT to produce moribund 





and dead specimens under four container We ome 





Mori- 
CONTAINER CONDITION bund 


| hours 


Constant contact, container 
covered 


Per Cent or DDT 





{ 
| 


Dead bund Dead bund 





hours hours hours hours 


64 20 


} 
| 
| 
| 
| 


| 





Constant contact, container | 
not covered 


28 








Non-constant contact, con- | 
tainer covered 32. | 648 


32 





Non-constant contact, con- | 
tainer not covered | $6 44 


+4 


60 | 48 





1 The average number of hours was obtained by averaging the results of the three tests. 


Pillbugs in constant contact with DDT, container 

uncovered. 

Pillbugs in non-constant contact with DDT, con- 

tainer covered. 

Pillbugs in non-constant contact with DDT, con- 

tainer uncovered. 

It was desired to determine whether or not constant 
contact with DDT would produce more rapid mor- 
tality than non-constant contact with DDT and to 
discover whether or not the fluctuations of humidity 
in greenhouses would hamper the toxic action of the 
DDT or, because of a lack of sufficient moisture, 
hasten the death of the Crustaceans. An attempt 
was made to gain this information by creating the 
four conditions listed above. In the case of the 
specimens in constant contact with DDT, one gram 
of each strength of DDT was placed on the bottom of 
its respective container before the specimens were in- 
troduced. As previously stated, a small piece of 
moistened manure was placed in each container. To 
provide the conditions for non-constant contact with 
DDT, the specimens were placed in a petri dish and 
DDT was dusted over them by means of a salt 
shaker containing successively the various percent- 
ages of DDT. The specimens were then placed in the 
proper containers. Containers were prepared in cov- 
ered and uncovered conditions in an effort to obtain 
information concerning the effect of humidity fluctu- 
ation. Tin covers closed the covered containers while 
the uncovered containers had placed over them 
pieces of cheese cloth held in position by rubber 
bands. Four check containers were maintained for 
each of the three tests, a check container for each 
condition. Each test was conducted in a greenhouse 
so that proper conditions of temperature and humid- 
ity might be approximated. 

Observations were made every 12 hours until 
specimens in all the containers were dead and it was 
certain that no recovery occurred. A specimen was 
termed active as long as it was capable of making 
coordinated movements. When coordinated move- 
ments were no longer possible, a specimen was 
termed moribund. A specimen presumably lost its 
ability to act as a pest by feeding on plants when 
this condition was reached. Death was recorded 
when there was no movement. It was found that 


death could be accurately ascertained by noting the 
response of the antennae to the touch of a forceps. 
Movement of the antennae frequently occurred 
when no other movement was noticeable. 

Special forms were prepared on which all data 
were recorded. These data were later. expressed 
graphically and it is from these prepared graphs that 
our conclusions are drawn. 

Discussion or Resuurs.—A few of our results 
are stated in the form of generalizations while others 
are stated more specifically. Table 1 shows the re- 
sults of the experiments upon which our discussion is 
based. All of our results are listed below. 

1. The validity of the tests is assumed as speci- 
mens in ll check containers were still living several 
weeks after the completion of the tests. 

2. All percentages and types of DDT produced 
death of the Crustaceans. 

3. Complete kill of all specimens within a given 
container required from 1 to 5 days. 

t. On the whole, the specimens in constant con- 
tact with DDT were killed sooner than those not 
continually exposed to DDT although the difference 
in the results between constant contact and non- 
constant contact with DDT was not sufficient to 
interfere with control under greenhouse conditions. 

5. Variation in humidity under greenhouse condi- 
tions had no appreciable effect on the killing effec- 
tiveness of the DDT or the length of life of the 
Crustaceans for the duration of the tests. 

6. DDT in 8 per cent strength might be selected 
as the optimum concentration of DDT to use against 
pillbugs. This per cent of DDT caused death of all 
the specimens of pillbugs and it would, moreover, be 
the most economical strength to use. Percentages 
lower than 3 per cent might be effective. 

7. A study of table 1 shows us that, on the whole, 
the specimens in constant contact with DDT were 
killed more rapidly as the percentage of DDT was 
increased. In the case of specimens not continually 
exposed to DDT, the specimens were killed less 
rapidly as the percentage of DDT was increased. We 
might conclude that the inert ingredient serving as a 
sticker causes a greater amount of DDT to adhere 
to the pillbugs and hence results in more rapid death 
even when the per cent of DDT is less.—7-11-46. 
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Insects Attacking Cole Crops in 
Louisiana’ 
P. K. Harrison, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine® 


It is common knowledge among growers of cab- 
bage, cauliflower, and related crops which are grown 
extensively in Louisiana that these plants are at- 
tacked throughout both the spring and the fall 
growing seasons by the common green cabbage 
caterpillars—namely, the cabbage looper, the im- 
ported cabbage worm, and the larvae of the dia- 
mondback moth. In a study of these cabbage cater- 
pillars at Baton Rouge (Harrison & Brubaker 1948) 
the total population and relative abundance of the 
different species varied considerably with the plant 
and the season. Moreover, general observations 
indicated that the number of green caterpillars sup- 
ported by the plants was due largely to factors 
other than the type of plant, and consequently 
that the relative abundance of the caterpillars did 
not indicate accurately the host preference. How- 
ever, the damage to these crops is not always con- 
fined to that caused by the common green cater- 
pillars, because a number of other species of in- 
sects often attack these crops and sometimes do 
considerable damage. 





1 In cooperation with the Louisiana Agricultural Experiment 
Station. 

2 Acknowledgement is made to C. E. Smith, under whose 
supervision the work was done, for his advice and cooperation 
in the work; also to the various taxonomists of the Divisien of 
Insect Identification for determining most of the species. 
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During the fall seasons from 1939 through 1941, 
when studies were being conducted at Baton Rouge, 
La., on the relative abundance of the green cabbage 
caterpillars on cole crops grown under similar condi- 
tions, the following crops were used: Green cab- 
bage, red cabbage, collards, cauliflower, kale, broc- 
coli, brussels sprouts, and kohlrabi. Each of these 
crops was planted in eight plots 25 feet long and 
8 feet wide, and each plot contained two rows, An 
attempt was made to give each crop an equal chance 
for infestation by arranging the 64 plots in a latin 
square, by planting kohlrabi, a small plant, 9 inches 
apart in the row and the other crops 18 inches apart, 
and by protecting the plantings during the early 
stages of growth from depredations by any species 
that might interfere with the stand or the normal 
growth of the plants, by dusting with cryolite-talc 
(3-1) or calcium arsenate-paris green (10-1). 
These applications were discontinued when the 
stand of plants was established in order to minimize 
interference with the subsequent caterpillar infesta- 
tion. Twenty plants per plot were examined at 
weekly intervals, and all species found were recorded. 

The insects found feeding on these crops are listed 
in table 1. 

During both the spring and the fall growing 
seasons from 1932 through 1943, when methods for 
the control of caterpillars on green cabbage were 
being studied, all the species found on this crop 
were recorded. In addition to the 17 species listed 
in table 1 as attacking green cabbage during the 3 
fall seasons, 14 additional species, including two 
additional orders (Thysanoptera and Hymenoptera) 
were found on this crop, making a total of 31 species 


Table 1.—Insects found feeding on cole crops in experimental plots at Baton Rouge, La., during the 
fall seasons, 1939-41. 
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Cabbage looper, Trichoplusia ni (Hbn.) 

Imported cabbage worm, Pieris rapae (L.) 

Diamondback moth, Plutella maculipennis 
(Curt.) 

Cabbage webworm, Hellula undalis (F.) 

Cross-striped cabbage worm, Evergestis rimo- 
salis (Guen.) 

Granulate cutworm, Feltia subterranea (F.) 

Black cutworm, Agrotis ypsilon (Rott.) 

Corn earworm, Heliothis armigera (Hbn.) 

Cabbage aphid, Brevicoryne brassicae (L.) 

Turnip aphid, Rhopalosiphum pseudobrassicae 
(Davis) 

Striped flea beetle, Phyllotreta vittata discedens 
Weise 

Harlequin bug, Murgantia histrionica (Hahn) 

Vegetable weevil, Listroderes obliquus Klug 

Green peach aphid, Myzus persicae (Sulz.) 
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found attacking green cabbage. These additional 
species are listed below. 
Striped flea beetle, Phyllotreta vittata discedens 
Weise 
Harlequin bug, Murgantia histrionica (Hahn) 
The Aphid Pemphigus populi-transversus Riley 
Fall armyworm, Laphygma frugiperda (A. & S.) 
Garden webworm, Lozostege similalis (Guen.) 
boy stan armyworm, Prodenia ornithogalli 
uen. 
Onion thrips, Thrips tabaci Lind. 
Southern fire ant, Solenopsis xyloni McCook 
Salt-marsh caterpillar, Estigmene acrea (Drury) 
Field cricket, Acheta assimilis F. 
Cotton aphid, Aphis gossypii Glov. 
Pale-striped flea beetle, Systena blanda Melsh. 
White-lined sphinx, Celerto lineata (F.) 
The arctiid Ecpantheria deflorata (F.) 
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Detrimental Effect of Rotenone on 
Rodolia cardinalis 


Paut DeBacn, University of California Citrus 
Experiment Station, Riverside 


The vedalia Rodolia cardinalis, has for years been 
acknowledged as one of the classical examples of a 
successful entomophagous insect. Its host, the cot- 
tony-cushion scale, Icerya purchasi, is generally 
kept at a very low population density by vedalia in 
California, although the scale is rather uniformly 
distributed throughout the citrus areas. Occa- 
sionally, however, heavy infestations of cottony- 
cushion scale develop on citrus concurrent with the 
absence, for one reason or another, of vedalia. This 
condition was noted, during the 1920’s, to coincide 
with arsenical spray applications to citrus. DDT ap- 
peared to be causing the same condition during 
1946. This led to the initiation of studies concern- 
ing the effect of insecticides on the cottony-cushion 
scale-vedalia complex. 

Severe infestations of cottony cushion scale de- 
veloped in a considerable number of citrus groves 
during 1946 following DDT applications, especially 
in Tulare County. The distribution of cottony- 
cushion scale in certain experimental groves made it 
appear, however, as if materials other than DDT 
might possibly be producing similar effects. One 
grove, for instance, which the writer followed in 
detail during 1946 showed a build-up and a fairly 
heavy infestation of cottony-cushion scale by August 
1946. Vedalia was just getting started at this time. 
This grove had no DDT but received an applica- 
tion of an oil spray containing rotenone in April. 

With these field observations as a background, as 
well as Haug & Peterson’s (1938) laboratory work 
showing derris to be toxic to Hippodamia, pre- 
liminary toxicity tests were run to obtain further 
data on the effect of rotenone against vedalia. 
Leaves were obtained from an experimental plot in 
a navel orange grove in Tulare County carrying a 
spray deposit of cube (0.95 Ibs. cube root (5 per cent 
rotenone) in 1.5 gallons kerosene plus 0.3 lbs. blood 
spreader per 100 gallons water). This spray was 
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applied August 7, 1946, and the leaves were picked 
August 21, a weathering period of 14 days with daily 
temperatures ranging to 90°F. or above. Vedalia 
pupae were obtained from the field and the emerged 
adults of comparable ages tested for contact toxicity 


‘by confining them in petri dishes with the sprayed 


leaves. Checks using untreated leaves were run. 
se my water were supplied. The results are given 
in el. 


Table 1.—Total per cent mortality over a 
period of days of Rodolia cardinalis adults con- 
fined in petri dishes with cube sprayed leaves 
and with untreated leaves. 








CuBE CHECK 
(2 Repricates— (3 RepLicates— 


Days 25 ADULTS) 35 ADULTS) 





Per cent Per cent 
12 

48 ll 

76 23 


100 26 





Although mortality from rotenone was not un- 
expected, the above results obtained from leaves 
weathered during two weeks of high summer tem- 
perature were indeed striking, and indicate the 
possibility that because of adverse effects on vedalia 
populations, rotenone as well as DDT (unpublished 
data) may be potentially dangerous when applied to 
citrus trees bearing incipient infestations of cottony- 
cushion scale, especially when two or more applica- 
tions are made during the season or when used before 
or after DDT applications. Further studies are 
planned on the timing of applications, types of 
formulations and other factors in order to reduce to 
a minimum the possible harmful effects of rotenone, 
DDT, and perhaps other materials, on vedalia popu- 
lations. — 10-12-46. 
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Spittle Insect Damage to Alfalfa 
and Red Clover 


E. H. Fiswer and T. C. Atien, University of 
Wisconsin, Medison! 


Infestations of spittle insects (Cercopidae) were 
observed in abnormally large numbers on alfalfa and 
red clover during 1944 and 1945 in Wisconsin. Car- 
rots, peas, strawberries, and some other crops were- 
also infested with both nymphs and adults. In cer- 
tain fields of alfalfa and clover in Sheboygan 
County, one semicircular sweep of a 14-inch insect 
net. caught about 100 adult spittle insects. Insect 
damage was apparent even in fields with heavy plant 
stands. 

Careful observations of such infested fields of both 
alfalfa and clover revealed dwarfed, rosetted, blos- 
som-blasted, and necrotic conditions of many plants 
(Fig. 1). The injured areas of the plants harbored a 


1 Approved by the Director of the Wisconsin Agricultural 
Experiment Station. 
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Fic. 1.—A. Undamaged alfalfa. B. Damage to 
alfalfa due to feeding by spittle insects. 


number of feeding spittle insects, particularly the 
adults that might be responsible for part or all of the 
damage. 

In an effort to reproduce these symptoms, adult 
spittle insects were confined upon healthy alfalfa and 
clover plants. Cylindrical screen cages were placed 
over healthy-appearing second-growth alfalfa and 
red clover in a field which was developing blossom 
buds. Each cage enclosed either alfalfa stems or 
clover stems. Representative samples of adult spit- 
tle insects were collected from the field, and placed 
in half of the cages enclosing each alfalfa and clover, 
the remaining cages contained no insects. The in- 
sects employed were identified? as Philaenus leu- 
cophthalmus (L.), the varieties being of the following 
percentages: P. 1. pallidus, 60; P. l. spumarius, 21; 
P. l. fabricti, 17; Pl. l. lateralis, 2. 

Results after one month of insect feeding showed 
damage like that observed on the first growth alfalfa 
and clover. Dwarfing was expressed by exceedingly 
shortened internodes. This damage appeared distinct 
from the yellows induced by the potato leafhopper 
since the foliage remained quite green, and rosetting 
was common. 

In Wisconsin considerable losses of such crops may 
occur in seasons of insect abundance. It is evident 
that further studies are needed to determine the rela- 
tive damage caused by the several varieties of spit- 
tle insects which do this damage.—9-5-46. 

2 Kathleen C. Doering; Department of Entomology, Univer- 
sity of Kansas; Lawrence. 


Effect of Oil Sprays on Resistance of 
California Red Scale to HCN 
Fumigation 


Haroutp R. Yust, H. D. Netson and Ropenrt A. 
Fuuton, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 

Fumigation with hydrocyanic acid, spraying with 
oil, and combinations of these two treatments are 
generally used in the controi of California red scale, 
Aonidiella aurantiit (Mask.), on citrus trees. It is 
the expressed opinion of some growers that the use 
of an oil spray in regularly fumigated groves renders 
the scales easier to kill in subsequent fumigations 
with hydrocyanie acid. Lindgren and Dickson 
(1942) have shown that red scales which survive an 
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oil spray are not more susceptible to fumigation 
than unsprayed scales. Cressman (1941) reported 
that strains of scale resistant and nonresistant to 
hydrocyanic acid do not differ in susceptibility to 
oil spray. In a further study of the oil spray-fumiga- 
tion relationship laboratory tests were made in 1943 
to determine whether the application of oil to red 
scales increased the susceptibility of their progeny 
to hydrocyanic acid. 

A resistant strain of California red seale with a 
history of 14 repeated laboratory fumigations with 
hydrocyanic acid (Yust et al. 1943) was used in the 
tests. One group of scales of this strain (group A 
was maintained without further treatment, and 
another group from the same source (group B) was 
oil-sprayed. ‘Lhe scales in group B were propagated 
from the offspring of the survivors. The oil spray 
was applied to three successive generations when the 
female scales were mature but before reproduction 
commenced. In the first and second sprays 1 per cent 
of light medium oil was applied and in the third 0.75 
per cent. The mortality from each spray was over 
50 per cent. 

Offspring from the survivors of the first and third 
treatments were reared on lemon fruits simultane- 
ously with seales of the corresponding generation of 
group A and fumigated with hydrocyanic acid when 
the females were in the second-molt and mature 
stages of development. (A very high mortality re- 
sulted from the second spray application, and suffi- 
cient offspring were not available for a test following 
this treatment.) The scales for the fumigation tests 
were reared in the laboratory. Those following the 
first oil spray were reared at fluctuating tempera- 
tures, and those following the third oil spray were 
reared at a constant temperature of 77° F. The 
scales were exposed to a constant concentration of 
hydrocyanic acid for 40 minutes in the laboratory 
fumigation chamber. The scales in the second molt 
were fumigated with a concentration of 1.39 mg. per 
liter after the first oil spray and 1.57 mg. per liter 
after the third oil spray. The mature females were 
fumigated with a concentration of 0.4 mg. per liter 
in both cases. The results are presented in table 1. 


Table 1.—Effect of repeated oil sprays on the 
resistance to hydrocyanic acid of California red 
scale. 








Morvrauitry, Per CENT 


Second molt Mature female 
Om — 2 
Sprays Group A Group B- Group A Group B 


First 28.6 7.8 48.2 $4.2 
Third 48.1 46. 39.4 30.3 





If the oil sprays decreased resistance to hydro- 
cyanie acid, the kills of group B, whose progenitors 
were oil-sprayed, would be higher than those of 
group A, but insofar as there was any difference in 
the kills it was in the reverse order. The beneficial 
results attributed to substituting spray treatments in 
a fumigation program are probably due to the gen- 
erally recognized fact that oil sprays and fumiga- 
tions are complementary treatments (Woglum & 
La Follette 1926); that is, with oil sprays the best 
kill is obtained on the outer part of the tree and 
on the fruit, whereas with hydrocyanic acid fumiga- 
tion the best kill is on the inside, especially on the 
wood.—11-9-46. 
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Establishment of an Inter- 

departmental Committee 
on Pest Control 


In response to an invitation from the Secretary 
of Agriculture, the Departments of Interior, War, 
Navy, and the Federal Security Agency joined in the 
establishment of an Interdepartmental Committee 
cn Pest Control. This Committee was created in re- 
sponse to correspondence begun in October 1945, 
and its members were designated by the heads of 
these units of the Federal Government. The purpose 
of the Committee is to provide a means for the 
exchange of information and free discussion on 
matters relating to control of insect pests, diseases, 
rodents, weeds, etc., and to consider problems of 
mutual interest, such as: 

(a) The field of research, including cooperative 

planning where desired and free interchange of 
information on results; 


(b) collaboration in preparing and issuing in- 
formation to the public on matters which 
cover the general field of chemicals used in 
pest control; 

(c) collaboration and coordination in planning 


and executing control programs where there is 
a joint interest; and 

(d) unification of policies on the use of such 
chemicals when they are applied for control- 
ling pests over large areas. 

It is not intended that the Interdepartmenta| 
Committee direct, duplicate, or conflict with the 
activities of other groups concerned in insect and 
pest control that are carried on by Federal agencies 
and their cooperators. It is proposed that it aug- 
ment their activities by providing a means of crystal- 
lizing and pointing up work of the several units of 
the government interested in and responsible for 
work in research, education, and control of pests. 
It is not expected or intended that responsibilities 
of the various units of the government will be 
assumed by the Committee. It will, instead, aid in 
preventing undesirable duplication and provide a 
means of carrying out the activities of the several 
Federal agencies to the best interest of social prog- 
ress through joint consideration of matters of mutual 
interest. 

By design the Committee is to be limited in size, 
being composed of two or three representatives 
from each governmental unit. It is proposed, how- 
ever, that as occasion and subject matter demand 
members will bring other representatives from their 
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agencies to discuss matters in special fields that may 
be considered by the Committee, and that the Com- 
mittee may secure the advice, counsel, and assistance 
of specialists employed by any of the represented 
Departments. 

Unless otherwise called for specific purposes meet- 
ings are held bi-monthly in the South Agriculture 
Building, Washington, D. C. Two meetings have 
been held since the organizational meeting in March. 
The main topic at the second meeting was a review 
and consideration of research and action programs 
pertaining to insects which attack and annoy man 
or are vectors of human diseases. The third meeting 
was devoted largely to consideration of problems 
concerned with the carriage of insects and insect 
pests by airplanes, including review of research 
aimed to reduce the risk, and control and quaran- 
tine activities designed to prevent the introduction, 
spread, and establishment of insect pests by these 
means. 

The members of the Committee are: 

Agriculture 
Bureau of Entomology and Plant Quarantine 
Mr. S. A. Rohwer, Assistant Chief 
Chairman of Committee 
Insecticide Division, Livestock Branch 
Production and Marketing Administration 
Dr. W. G. Reed, Chief 
Federal Security Agency 

Industrial Hygiene Research Laboratory 

National Institute of Health 

U.S. Public Health Service 

Dr. Paul A. Neal, Chief 
Secretary of Committee 

Carter Memorial Laboratory 

U.S. Public Health Service 

Savannah, Georgia 

Dr. S. W. Simmons, In Charge 
Food Division, Food and Drug Administration 
Dr. W. B. White, Chief 
Interior 
Division of Fishery Biology, Fish and Wildlife 
Service 
Mr. Elmer Higgins, Chief 
Division of Wildlife Research, Fish and Wildlife 
Service 
Dr. Clarence Cottam, Chief (Chicago) 
Dr. Frederick C. Lincoln, Asst. to Chief, 
Alternate (Washington) 
Navy 

Preventive Medicine Division, Bureau of Medi- 

cine and Surgery 

Captain Otto L. Burton (MC), USN, Chief 

Insect and Pest Control Section, Preventive 

Medicine Division, 
Bureau of Medicine and Surgery 
Commander J. D. DeCoursey, USNR 
Bureau of Ships 
Mr. Harry Fleisher 
War 
Office of the Surgeon General 
Lt. Col. J. W. Regan 
Office of the Quartermaster General 
Mr. William M. Lee 
Office of Chief of Engineers 
Mr. W. D. Reed 

At the first meeting of the Committee on March 
13, 1946, Mr. S. A. Rohwer of the Bureau of 
Entomology and Plant Quarantine was elected 
Chairman, and Dr. Paul A. Neal of the U.S. Public 
Health Service was appointed Secretary. 
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Reflections on the Richmond Meeting 


Now while the Richmond meeting is 
fresh in the minds of those who attended 
seems an opportune time to record some 
thoughts and observations on the meet- 
ing. Comments on all phases of the pro- 
gram were in general very favorable. The 
last-minute transfer from Pittsburgh to 
Richmond presented unprecedented prob- 
lems to the program and local arrange- 
ment committees, but both performed 
excellently. The suggestions offered at 
this time are not in criticism or defense of 
anyone but merely for the consideration 
of all members, especially those who will 
plan for the 1947 meeting. 

Tue Frnat Business Meetine of the 
Association was entirely too long and un- 
avoidably delayed the program which 
followed it. To prevent such occurrences 
in the future the following might be con- 
sidered : 

The preliminary business meeting 
should transact most of the important 
business of the Association and be sched- 
uled for sufficient time to receive reports 
of all committees except Resolutions and 
Nominations. The Executive Committee 
could present all business referred to it 
with more opportunities for discussion 
from the floor than the present arrange- 
ment permits; in other words, an open 
meeting of the Executive Committee. Any 
other actions taken by the Executive 
Committee during the meeting could be 
reported briefly at the final business ses- 
sion. In preparation for this preliminary 
meeting the Executive Committee could 
hold a full day’s session the day before the 
regular program begins. Certainly mem- 
bers of the Executive Committee who 
plan to attend a meeting would not object 
to coming a day earlier, but if such a ses- 
sion is to achieve its objectives the 
sponsors of petitions and chairmen of 
committees recommending action by the 
Executive Committee should have their 
petitions and reports-in the hands of the 


secretary prior to the session. After the 
regular meeting begins, with a day-and- 
night program, the Executive Committee 
does not have time to study proposals 
thoroughly. 

In Paper ReapinG Sessions time lim- 
its should be announced in the program if 
possible and be strictly adhered to. Very 
few research reports require more than 10 
minutes for presentation if properly sum- 
marized—and the summary is usually all 
that should be read, leaving the details 
for the printed paper in the JourNAL. If 
the time allotted each paper is not printed 
in the program, the chairman of each 
group should determine the average time 
available for the papers scheduled and not 
allow any speaker to monopolize the time 
of others. 

For several years the presidential ad- 
dress has been scheduled as the first item 
on the first day’s program, or no later 
than noon on the opening day. Many 
members are arriving all during the open- 
ing day and could hardly be expected to 
leave home a day earlier just to arrive in 
time for this address. Only those who 
have prepared such an address know the 
agony of mind one suffers in trying to 
select a subject that will be of interest to 
the Association, and then the hours and 
days spent in gathering data and in prepa- 
ration of the paper. It would seem that 
this effort might be rewarded by sched- 
uling the address during the second day, 
following it immediately with the pre- 
liminary business meeting, which should 
also be attended as fully as possible. Paper 
reading sessions and sectional meetings 
on the first day might not be as well at- 
tended as at present, but if detailed pro- 
grams are published sufficiently in ad- 
vance those especially interested in cer- 
tain papers or sections would arrange to 
be present. 

Tue TREND To Inpustry. A larger pro- 
portion of the attendance at Richmond 
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represented industrial organizations than 
at any previous meeting. Scores of ento- 
mologists who were on federal or state 
staffs a year ago are now on industrial 
payrolls. In most cases their places cannot 
be filled with men of comparable training 
or experience. They are simply not avail- 
able. In nearly all institutions very attrac- 
tive graduate assistantships or fellowships 
are going begging, and where they are 
filled the holders are being snapped up by 
industry as fast as they secure degrees, 
especially if the student has been on an 
industrial fellowship. I am not protesting 
against this situation as it is a commend- 
able development which should result in 
greater net progress in economic entomol- 
ogy, for the workers in practically all cases 
now have more funds and better facilities 
for research than the state and federal 
agencies provided for them. However, the 
dearth of entomological graduates during 
the war period, followed by this loss of a 
large number of trained workers will seri- 
ously handicap governmentally-supported 
research for the next few years. It will, 
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therefore, not be surprising if much of the 
progress in insecticides in the immediate 
future has its origin in industrial labora- 


. tories. 


Competition among new materials will 
be very keen in many fields, and this 
places on industrial entomologists the re- 
sponsibility for adhering to the highest 
ethical standards in making claims for 
their products. The state or federal 


worker, operating with a reduced staff, 


will, in all probability, not be able to 
evaluate on as extensive scale as he de- 
sires, all of the promising products appear- 
ing on the shelves of dealers. Extension 
entomologists and others responsible for 
recommendations in the states may have 
to depend in many cases on the claims of 
the manufacturer, and if these claims are 
not based on careful and extensive tests 
all entomological work will suffer. The 
addition of these professional entomologists 
to industrial staffs should make all the 
more dependable the claims and recom- 
mendations of such firms. 
Cuiay LyLe 


OBITUARY 
Alice A. Averill 


Alice W. Averill, for 38 years serving the Maine 

Agricultural Experiment Station as Technical As- 
sistant in Entomology, died the 21st of November, 
1946. 
During those years Miss Averill prepared about 
40,000 slides of aphids. These were studied not only 
by those entomologists of the Maine Station working 
with aphids but also by guests from other states and 
Canada who came to examine slides of species con- 
cerning which they desired information. Many of 
these slides have been borrowed by entomologists in 
Europe, Asia, Africa, Australia, and South America. 
So Miss Averill’s efforts in this regard have had 
world-wide significance in aiding the study of these 
insects. On the label of each slide was recorded the 
name of the plant from which the aphids were taken, 
locality and date of collection. A manuscript cata- 
logue of all these slides was kept under the headings 
of each plant family concerned. 

Miss Averill also kept up to date lists of food 
plants recorded in all accessible aphid papers. Ac- 


knowledgment is made of her assistance in the rou- 
tine work in the preparation of Food-Plant Catalogue 
of the Aphids of the World. (Me. Agr. Exp. Sta. Bul. 
393, 1938.) In 1945 the Experiment Station pub- 
lished Miss Averill’s Index to Genera and Species of 
Food Plants included in this Catalogue. (Bul. 393-S.) 

During all the years since 1908 when Miss Averill 
began her work at the Experiment Station, she has 
been appreciated as a pleasant and faithful member 
of the staff. Her whimsical sense of fun remained 
with her in sickness as in health and she was joking 
with her doctor a few minutes before her death. 

The daughter of William S. and Annie Averill, she 
was born in Orono and lived here all her life. She was 
a member of the Orono Rebekah lodge, attended the 
Methodist church, and was secretary of the Orono 
chapter of the Order of the Eastern Star for many 
years. Surviving are one brother, Fred Averill, of 
Brewer, Maine, and several cousins. 


Epitx M. Patcu 
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to control cotton bugs, 81 
Benzy] benzoate, 385 
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Carter, Henry R., Memorial Laboratory, investiga- 
tions at, 15 
Cat-facing, in peaches, 158 
Cauliflower worms, effect of DDT and other insec- 
ticides on, 184 
Chemicals fed to plants and animals for pest con- 
trol, 35 
Chalcodermus aeneus, 405 
control of, 268 
Chaoborus astictopus, 11 
Chickens, control] of sticktight flea on, by DDT, 659 
Chiggers 
materials for impregnating clothing against, 385 
New Guinea, insecticides for, 344 
Chilo loftini in California, Arizona and Mexico, 755 
Chinch bug, hairy, control by sabadilla and DDT, 
309 
Chlorochroa sayi, 327 
damage by, to sugar beets, 335 
Cirphis unipuncta, 669 
Citrus red mite, control of, 813 
Clear Lake gnat, light-trap studies of, 11 
Clothes moths, control by DDT, thermal aerosol 
fogs, 241 
protection of mohair fleeces from, in storage, 721 
Codling moth 
control in Oklahoma, 69 
cryolite for control of, 523 
DDT for, 208, 391 
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673 
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Codling moth traps, 411 
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Colloidal-type suspensions and DDT, 536 
Common names of insects, 427 
Compatibility of DDT and fungicides on potatoes, 
267 
Conotrachelus nenuphar on blueberry, 306 
Corn 
earworms, unusual feeding injury by, 815 
rootworm in Tennessee, 402 
seed, control of storage insects in, 314 
shelled, fumigants for, 598 
worms controlled by DDT aerosols, 668 
otton 
bollworm, control by DDT, 329 
bugs, benzene hexachloride to control, 81 
fleahopper, control by DDT, 329 
insects, Arizona, natural enemies of, 326 
insects, benzine hexachloride against, 38 
Neurocolpus nubilus on, 815 
‘owpea curculio, biology of, 405 
control of, 268 
Cranberry fruitworm, control on blueberries, 306 
Cryolite for codling moth control, 523 
Ctenocephalides 
canis, 767 
felis, 767 
Cucumbers, varietal response of, to DDT control, 
403 
Culex nigripalpus, gynandromorphism in, 415 
Curculio caryae, 792 
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Curcurbit midge, 415 
Curly top, relation to beet leafhopper, 319 
Cybocephalus sp., new host for, 814 


Data, analysis of, 269 
grouped, comparisons by ranking methods, 269 
DDT aerosols 
against mosquitoes, 698 
worms in corn, 668 
agricultural applications of, 557 
airplane application of in South Pacific, 726 
and arsenate of lead compared against pecan nut 
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and benzine hexachloride compared, 539 
and earthworm populations, 404 
and hibernating larvae of European corn borer, 
535 
and increase in population of Lecanium pruino- 
sum, 812 
and industrial problems, 270 
and Ryanex against Oriental fruit moth, 211 
effect on parasite populations, 21i 
and sabadilla against squash bug, 273 
to control hairy chinch bug, 309 
applied by thermal aerosol fog generator, 227 
as residual insecticide for flies in barns, 397 
as spot treatment for flies, 380 
chemical methods for analysis of, 174 
compatibility of, and fungicides on potatoes, 267 
control, varietal response of cucumbers to, 403 
deposits, persistence of, 624 
effect on animals, 801 
on fish and wildlife, 44 
on microbiological processes in soil, 537 
on insect damage and seed germination after 
treatment with, 520 
on Pacific mite, 783 
emulsion against mosquitoes, 52 
for American dog tick, 235 
apple curculio, 381 
apple mites, 266 
army worm, 669 
biting sheep louse, 546 
body louse, 759 
bollworm and cotton fleahopper, 329 
book louse control on rabbit hides, 274 
boxwood leafminer, 264 
bugs causing deformed peaches, 41 
cat and dog fleas, 417 
cauliflower worms, 184 
codling moth, 208, 391 
codling moth larvae, 673 
dog lice, 417 
fall armyworm in sweet corn and popcorn, 817 
flies in Manila, 750 
green peach aphids, 661 
hide beetles, 283 
hornflies and ticks, 62, 65, 91 
household and stored grain insects, 59 
insects affecting livestock, 367 
insects affecting man, 360 
insects at army installations, 347 
latrine flies, 541 
Lygus bugs, 664 
Lygus bugs in alfalfa seed fields, 647 
maggots in latrines, 740 
Mezium americanum, 676 
moribund aphids, offspring of, 383 
mosquito control, 463, 620 
onion maggot, 631 
pea aphid, 195 
pillbugs, 818 
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pine tip moth, 818 
potato aphids, 204 
Psorophora confinnis, 723 
Puerto Rican mole crickets, 662 
rat fleas, 410 
relapsing fever tick, 396 
sticktight fleas on chickens, 659 
Triatoma, 419 
winter horse tick, 92 
woolly apple aphid, 674 
in colloidal-type suspensions, 536 
oil vapor sprays against grape leafhopper, 770 
p,p’ and o,p’, toxicity of, to mosquito larvae, 672 
on peaches, 181 
oral dosages on vertebrates, effects of, 418 
per cent, 204 
persistence of deposits of, 624 
preparations for pea aphid, 219 
residual deposits on scorpions, 537 
residual-type sprays, effect of light on, 55 
residues of, 557 
residues, effect on Anopheles gambiae, 356 
on peas, 806 
thermal aerésol fogs against clothes moths, 241 
toxicity of, to larvae of Lucilia sericata, 589 
symposium on, 425 
treated silage, feeding experiments with, 801 
-Xylene emulsions against insects affecting man, 
735 
Dermacentor nigrolineatus, 92 
variabilis, 235 
Dermestes cadaverinus, 283 
vulpinus, 283 
Derris and Lonchocarpus, toxicological comparison 
of, 281 
Desiceators as constant humidity chambers, 385 
Di(4, chlorophenoxy) methane for control of citrus 
red mite, 813 
Diabrotica duodecim punctata, 781 
longicornis, 402 
Diaspine Coccidae, predator of, 814 
Diatraea grandiosella, 815 
Dicerca horni injury to plums, 660 
Dichloroethyl ether, unsatisfactory in control of 
plum curculio, 666 ; 
Diluents 
of calcium arsenate, 145 
diatomaceous, for dusts, 149 
Dimpling in peaches, 158 
Dinitro compounds, mode of toxic action of, on 
honeybee, 177 
Dinitro-o-cresol, sublethal concentrations of, on 
codling moth, 407, 408 
DNOC, oil solutions of, for grasshopper control, 676 
Dust mixtures against cabbage aphid, 265 
Dusts, application by airplane, 503 
diatomaceous diluents for, 149 


Earthworm 
control on sweet corn, 414 
populations and DDT, 404 
Echidnophaga gallinacea, 538 
Eggplant insects, liquefied gas aerosols for, 405 
Electric fields, high frequency, as lethal agents for 
insects, 487 
Emulsifiers for liquid acaricides, 810 
Enemies 
of Arizona cotton insects, 326 
of sunflower moth, 575 
Entomological 
investigations at Henry R. Carter Memorial Lab- 
oratory, 15 
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writing, 679 
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in, 1 
Entomophagous insects, insecticidal check of, 695 
Ephestia elutella, 607, 612 
Eriophyes vaccinii, control of, 89 
Eriophyid mites, review of N. A. economic, 563 
Ethylene dichloride, as fumigant for shelled corn, 
598 
European 
chafer, control in lawns, 168 
corn borer, DDT and larvae of, 535 
Euschistus 
impictiventris, 326 
amage by, to sugar beets, 335 
servus, life history, 161 
tristigmus, life history, 161 
Eutettizx tenellus, 319 


Fal] armyworm, control by DDT, 817 
Farm animals, effect of DDT on, 801 
Fish and wildlife, effect of DDT on, 44 
Flea 
culture in laboratory, 544 
repellents for use on clothing, 767 
Fleas 
cat and dog, DDT for, 417 
rat, DDT for, 410 
Flies 
abundance and control on college campus, 543 
in barns, DDT as residual insecticides for, 397 
control by DDT in Manila, 750 
DDT for, 380 
Florida red scale populations, effect of cultivation 
on, 571 
Fly larvae, control in latrines, etc., 743 
Formica exsectoides, venom of, 661 
Foulbrood, American, sulfa drugs to control, 5 
American, sulfathiazole for, 141 
Frankliniella sulphurea, 398 
Fumigant, azobenzene as a, 669 
Fumigants, for shelled corn, 598 
Fumigation, methyl bromide against body louse, 581 
— compatibility of and DDT on potatoes, 


Gargaphia solani, 405 
Generator, aerosol, for dispersing insecticides, 652 
ene, toxicity of to codling moth larvae, 
Gnorimoschema operculella, 29, 516 
Goats, dipping before shearing, for moth protection 
of fleeces, 721 
Grape leafhopper controlled by oil-DDT-vapor 
sprays, 770 
Grapholitha molesta, 339, 542, 797 
Grasshopper control by oil solutions of DNOC, 676 
Grasshoppers 
in alfalfa controlled by hexachlorocyclohexane 
dust, 677 
control in apple orchards, 816 
Green peach aphis, DDT for control of, 661 
Guayule insects, 670 
Gymnosoma fuliginosum, 328 
Gynandromorphism in Culex nigripalpus, 415 


Haematopinus eurysternus, 816 
Hairy chinch bug, control by sabadilla and DDT, 
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Hawkins, Kennith, obituary, 681 
HCN toxicity experiments, calcium cyanide solu- 
tions in, 400 
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Headlee, Thomas J., obituary, 681 
Helicopter, spraying apparatus for, 729 
Heliothis armigera, 329, 668, 815 
Hercinothrips femoralis, 399 
Hexachlorocyclohexane 
dust for control of grasshoppers in alfalfa, 677 
effect of, on onion seedlings, 815 
for control of spinach aphids, 550 
toxicity of, to larvae of Lucilia sericata, 589 
for control of onion maggot, 631 
Hexaethyl] tetraphosphate, for control of mites, 812 
Hide beetles controlled by DDT, 283 
HNS-1 helicopter, spraying 4pparatus for, 729 
Homoeosoma electellum, 575 
Honeybee 
mechanism of sex control in, 379 
mode of toxic action of dinitro compounds on, 177 
sulfathiazole for foul brood of, 141 
Hornflies, DDT against, 62, 65 
Hornfly populations and DDT, 91 
Hornworms, tobacco, and organic compounds, 610 
Houseflies, DDT against, 620 
Household insects, DDT to control, 59 
Humidity, constant, chambers, desiccators as, 385 
Hylemya antiqua, 631 


Injury, unusual, by corn earworms, 815 
Insect 
damage and seed germination after DDT treat- 
ment, 520 
food of mountain bluebird, 384 
food of sagebrush swift, 382 
infestation in soap, 419 
pollinators of alfalfa, 18 
repellents, as skin treatments, 627 
Insecticidal 
aerosols for pea aphid control, 199 
check of entomophagous insects, 695 
Insecticide 
azobenzene as an, 78 
situation, 449 
Insecticides 
aerosol generator for dispersing, 652 
against cauliflower worms, 184 
application by thermal aerosol fog generator, 227 
droplet size in relation to application, etc., 716 
effect on Pacific mite, 783 
new, for potato insects, 262 
soil, for control of southern rootworm, 781 
tests of, against body louse, 763 
Insects 
affecting livestock, DDT for, 367 
affecting man, DDT for, 360 
DDT-Xylene emulsions against, 735 
common names of, 427 
entomophagous, insecticidal check of, 695 
guayule in northern Mexico, 670 
high-frequency electric fields as lethal agents for, 
487 


influence of soil minerals on, 8 
of cole crops in Louisiana, 820 
tobacco, effect of redrying on, 607 
Isopropy! alcohol and phenol in entomological mi- 
crotechnique, 665 
Ttonida eitrulli, 415 


Japanese beetle 

attractants, 245 s 

populations, rate of development of milky disease, 
248 

resistance of soybean varieties to, 510 
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Kerosene spray subsoil injury to bark, 795 


Lacebug, new in Florida, 545 
Laphygma frugiperda, 668, 817 
Larvicides, time required for lethal dose, 468 
Lasioderma serricorne, 607, 612 
Latrine flies, DDT for, 541 
Latrines 
control of fly larvae in, 743 
control of maggots in by DDT, 740 
Lawns, control of European chafer in, 168 
Lead arsenate sprays against pecan insects, 792 
Lecanium pruinosum, increase in population follow- 
ing DDT sprays, 812 
Leptoypha minor, 286 
Leptopharsa machalana var. vinnula, 545 
Lice, dog, DDT for, 417 
Light 
effect on DDT residual-type sprays, 55 
trap studies of Clear Lake gnat, 11 
Liposcelis divinatorius, 274 
Listroderes obliquus, 671 
Livestock, insects affecting, DDT for control of, 367 
Lizards feeding on ants in Utah, 546 
Lonchocarpus and Derris, toxicological comparison 
of, 281 
Louse 
body, rearing colony of, 472 
short-nosed ox, ovicide for, 816 
Lucilia sericata larvae toxicity and repellency of or- 
ganic compounds to, 589 
Lygus bugs 
control in alfalfa seed fields, 638 
control by DDT, 664 


Macremphytus spp. larvae burrowing in structural 
wood, 408 
Macrocentrus 
ancylivorus, effect of humidity on oviposition ac- 
tivity of, 419 
cocoons, separation from tuber worm pupae, 29 
control of sex ratio in, 296 
influence of potato punctures on parasitism of tu- 
ber moth by, 516 
Macropsis, distribution of plum-feeding species of, 
394 


Maggots, control by DDT in latrines, 740 
Magnesic and calcic diluents of calcium arsenate, 
effect on bean yields, 145 
Man, insects affecting, DDT for, 360 
Melanoplus femur-rubrum, 816 
Methy! bromide against body louse, 581 
Mexican fruitfl 
effect of ake on, 527 
tartar emetic against, 775 
Mezium americanum controlled by DDT, 676 
Microbiological processes in soil, effect of DDT on, 
537 
Microtechnique, entomological, isopropyl alcohol 
and phenol in, 665 
Milky disease, rate of development of, 248 
Mineola vaccinii, 306 
Minerals, soil, influence on insects, 8 
Mites 
apple, DDT for, 266 
controlled by hexaethyl tetraphosphate, 812 
review of N. A. economic Eriophyid, 563 
Mohair fleeces, protection of, from clothes moths, 
721 
Mole crickets, DDT against, 662 
Monarthropalpus buri, 264 
Monellia sp., 792 
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Mosquito 
collections at army installations, 82 
on Parris Island, 89 
control, airplane spraying apparatus for, 659 
by DDT, 463 
by ground dispersal of DDT aerosols, 698 
larvae, toxicity of p,p’- and o,p'-DDT to, 672 
rice-field, control by DDT, 723 
Mosquitoes 
DDT against, 620 
DDT emulsion against, 52 
distribution records of southeastern states, 387 
Mountain bluebird, insect food of, 384 
Musca domestica, 620 
Myzus persicae, 550 


Nectar, effect of temperature and humidity on sugar 
concentration of, 513 
Neurocolpus nubilus on cotton, 815 
Nicotine 
against codling moth larvae, 673 
bentonite against woolly apple aphid, 674 
Nitriles, toxicity of, to stored-grain insects, 529 
Nornicotine against codling moth larvae, 673 
N-Substituted 
phenylhydrazines, toxicity to codling moth larvae, 
416 
phthalimides, toxicity of, to codling moth larvae, 
549 
Nursery stock, Oriental fruit moth on, 797 


Obituary 
Kennith Hawkins, 681 
Thomas J. Headlee, 681 
Rufus Hiram Pettit, 554 
Oil sprays, effect of, on resistance of California red 
scale to HCN fumigation, 822 
Olive scales, petroleum oils against, 499 
Onion 


maggot, 
hexachlorocyclohexane for control of, 631 


seedlings, effect of hexachlorocyclohexane on, 815 
Organic compounds 

effective against Anopheles larvae, 459 

effects of on hornworms, 610 

toxicity of, to Lucilia sericata, 589 
Oriental fruit moth 

baits, 399 

on nursery stock, 797 

rearing, from infested twigs, 542 
Ovicide for short-nosed ox louse, 816 


Pacific mite, effect of insecticides on, 783 
Papaipema nebris attacking raspberries, 425 
Parasite populations, effect of DDT and ryanex on, 


Parasites 
Oriental fruit moth, rearing from peach twigs, 542 
of vegetable weevil colonization of, in California, 
671 
Paratetranychus citri, 813 
Parlatoria oleae, 499 
Pea aphid 
DDT for control of, 195, 219 
insecticidal aerosol for control of, 199 
Peaches 
cat-facing and dimpling in, 158 
DDT on, 181 
Peanuts 
control experiments of velvetbean caterpillar on, 
531 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 39, No. 6 


shelled, insects in relation to storage and bagging, 
550 
Peas, DDT residues on, 806 
Pecan 
insects, lead arsenate sprays against, 792 
nut casebearer 
DDT and lead arsenate compared for control 
of, 272 
timing of sprays for, 76 
Pediculus 
humanus, 472, 660 
corporis, 759, 763 
Penetrant aid for codliig moth trunk sprays, 409 
Pepper, black, for control of bean weevil, 534 
Pest 
control committee, 823 
by feeding chemicals to plants and animals, 35 
Petroleum spray oils against olive scale, 499 
Pettit, Rufus Hiram, obituary, 554 
Phenyl ethyl butyrate in bait mixtures, 245 
Philaenus leucophthalmus, 299 
Phyllophaga, life histories of Texas, 475 
Pillbugs, use of DDT against, 818 
Pine tip moth, control of, 818 
Plum 
curculio, unsatisfactory control with dichloroethy] 
ether, 666 
feeding species of Macropsis, 394 
Plums injured by Dicerca horni, 660 
Pogonomyrmex barbatus, 663 
Pollinators, insects, of alfalfa, 18 
Porthetria dispar, 614 
Potato 
aphids, DDT for, 204 
insects, new insecticides for, 262 
psyllid, 689 
occurrence in North Platte Valley, 689 
tuber moth, influence of potato punctures on 
parasitism of, 516 
Potatoes, control of aphids on, 189 
Protoparce sexta, 610 
quinquemaculata, 610 
Psorphora confinnis, DDT against, 723 
Psyllia buxi, 264 
Puerto Rican mole crickets, DDT against, 662 
Pyrausta nubilalis, 535, 668 


Rabbit hides, book louse on, controlled by DDT, 274 
Rabbits, rearing body lice on, 660 
Rat 

domestic, gross infestations of, with ectoparasites, 

538 

fleas, DDT for, 410 
Red clover, damage to, by spittle insect, 821 
Red harvester ant, control with Velsicol 1068, 663 
Relapsing fever tick, DDT for control of, 396 
Repellent properties of extract of Amorpha fruiti- 

cosa, 810 

Repellents 

flea, for use in clothing, 767 

insect, as skin treatments, 627 

organic, 589 

for ticks, 374 
Residues 

of DDT, 557 

DDT, on peas, 806 
Rice-field mosquito, 723 
Rocky Mountain spotted fever, 235 
Rodolia cardinalis, effect of rotenone on, 821 
Rotenone 

detrimental effect of, on Rodolia cardinalis, 821 
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dusts, effect of mineral composition and particle 
size in dispersants on toxicty of, 290 
Ryanex 
and DDT, effect on parasite populations, 211 
for Oriental fruit moth, 211 


Sabadilla 
and DDT against squash bug, 273 
to control hairy chinch bug, 309 
Sagebrush swift, insect food of, 382 
Salt marsh mosquito control by DDT aerosols, 698 
Sawfly larvae in structural wood, 408 
Scale populations, effect of cultivation on, 571 
Scolytus multistriatus, effect of phloem condition and 
moisture on entry of, 481 
Scorpions, effect of DDT residual deposits on, 537 
Sex 
control, mechanism of, in honeybee, 379 
ratio, contro] in Macrocentrus ancylivorus, 296 
Sheep louse, control by DDT, 546 
Short-nosed ox louse, ovicide for, 816 
Sitophilus oryza, 314 
Smoke, effect on Mexican fruitfly, 527 
Soap, insect infestation in, 419 
Soil insecticides against southern corn rootworm, 781 
Southern corn rootworm, soil insecticides against, 
781 
Soybean varieties, resistance to Japanese beetle, 510 
Spittle insect 
control of, in strawberry plantings, 299 
damage to alfalfa and red clover, 821 
Spotted wilt virus, two species of thrips non-vectors 
of, 398 
Spraying 
airplane apparatus for mosquito control, 659 
airplane apparatus for HNS-1 helicopter, 729 
Sprays 
application by airplane, 503 
pecan nut casebearer timing of, 76 
Squash bug 
DDT and sabadilla for control of, 273 
immature, evaluation of sprays for, 255 
Sticktight flea, control of, by DDT on chickens, 659 
Storage insects, control of, in corn seed, 314 
Stored grain insects 
DDT against, 59 
toxicity of nitriles to, 529 
Strawberry, control of spittle insects in plantings of, 
299 
Strigoderma arboricola, life history, 163 
Subsoil bark injury from kerosene spray, 795 
Sugar beets, damage to, by Euschistus impictiventris 
and Chlorochroa sayi, 335 
Sugarcane pest, Chilo leftini in California, 755 
Sugar-beet wireworm, growth of, on different food 
plants, 648 
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